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7 CHKMISTRT. 

which the comforts, aiitl even the veiy existence, 
of civilized life, depend. 

As examples, we nay mention the arts of 
dyeing, bleaching, tanning, potting* glaM>making, 
baking, brewing, distilling, woriiing metals, &c. &c. 
which owe their present state of perfection to tlie 
science of chemistiy In agriculture it is capable of 
affiirding great assistance, by eiplaining the nature 
of soils and manures { and in medicine its import- 
ance is invaluable, many of the most efficacious re- 
medics being entirely formed by diemical processes. 
In short, there is scarcely any art or trade which 
either does not altogether depend upon, or may be 
benefited by this science. 

By chemical means we are enabled to reduce 
compound bodies to the constituent principles of 
which they are composed, and this operation is 
called anafysis, or decomposilion. When a substance 
cannot by any means be resolved into others, it is 
called a simple body ; and it is now known that 
all that vast variety of substances which we see is 
composed of a few simple bodies, which hence are 
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making in the methods of analyzing bodies, or 
separating them into their component principles 
or elements, several other substances once supposed 
to be simple are now found to be compounds : and, 
as chemistry continues to advance, the list of simple 
substances may be reduced ; our inability to de- 
compose any body not proving it to be simple, but 
only, perhaps, that our methods of examination are 
still imperfect. 

The substances which hitherto have resisted all 
the known methods of analysis, and which, in the 
present state of our knowledge, are considered as 
the elements of all bodies with which we are ac- 
quainted, are the following : — 

Substances not metallic. 



1. Lieht 

2. Caloric 

S. Electric fluid 

4. Oxygen 

5. Nitrogen 

6. Hydrogen 
7« Chlorine 



8. Iodine 

9. Sulnhur 

10. Carbon 

11. Phosphorus 

12. Boron 
IS. Fluorine. 



MetalUc substances. 



14. Potassium 

15. Sodium 

16. lithium 

17. Calcium 

18. Maaolum 

19. Banum 

20. Strontium 

21. Silicium 

22. Aluminum 

23. Yttrium 

24. Glucinum 

25. Zirconium 

26. Thorinum 

27. Hatina 

28. Oold 

29. Silver 
so. Mercury 

31. Iron 

32. Copper 

33. Tin 
84. Lead 



35. Zinc 

36. Antimony 

37. Bismudi 

38. Arsenic 

39. Nickel 

40. Manganese 

41. Cob^t 
45{. Molybdena 

43. Tungsten 

44. Osmium 

45. Iridium 

46. Rhodium 

47. Palladium 

48. Cadmium 

49. Tellurium 

50. Titanium 

51. Chromium 

52. Uranium 

53. Columbium 

54. Cerium 

55. Selenium. 
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4f OPERATIONS AND INSTRUMENTS 

The utmost degree of mechanical division which 
we can effect in bodies, by pounding, grinding, and 
similar processes, can only reduce them to frag- 
ments so small that they can no longer be per- 
ceived by the sight ; but we cannot thus arrive at 
those ultimate atoms, molecules, or particles, of 
which the various species of matter are supposed to 
consist, and which are, perhaps, incapable of 
subdivision. 

Besides the attraction of gravitation possessed 
in common by all matter, these elementary sub- 
stances possess peculiar attractions for each other, 
which are called c/iemical attractions. By these 
attractions, or affinities^ as they are called, they 
combine together, and form compotmd bodies. 



(H»BRATIONS AND INSTRUMENTS USED IN 

CHEMISTRY. 

The great principle of all chemical operations 
which enable us to decompose certain bodies, and 
to compound others, i^ that every substance has a 
peculiar affinity or attraction Jbr otJier substances^ 
but that it has different degrees of attraction for 
diffiererU substances. This is' called elective affinity 
or attraction. 

If some oH and some alkali be put together, they 
will unite and form soap. But if' to this a little 
dilute sulphuric acid be added, the oil and alkali 
will be separated from each other again ; the alkali 
having a stronger attraction for the acid than it has 
for the oil, will leave the latter and join the acid. 

Dissolve some magnesia in nitric acid, and the 
solution will be transparent. Also dissolve some 
lime in water by letting it remain for some 
hours: the solution of lime in water will also 
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be transparent. Pour them together, and imme- 
diately a turbid appearance will be presented, and 
a white powder will fall to the bottom. This 
powder will be found to be magnesia. The ex^ 
planation is this : the nitric acid has a greater 
attraction for lime than it has for magnesia ; there- 
fore, it lets fall the latter and takes up the former. 
The substance thus thrown down is called a pre* 
cipiUite, and the process is called precipilution. 

If all the bo£es presented to each other are 
compounds, sometimes two new substances are 
formed. Thus, if solutions of nitrate of barytes 
and of sulphate of soda be mixed together, the 
former being composed of nitric acid and barytes, 
and the latter of sulphuric acid and soda, two 
new products will be obtained, viz. nitrate of 
soda and sulphate of barytes. For the nitric 
acid will leave the barytes and join to the soda, 
and the sulphuric acid will give up the soda and 
seize the barytes. This is called double elective 
affinity^ as the former example was of single 
elective nffifuHf. When different substances unite 
chemcaUjf^ and form a compound, they always unite 
in the same proportion. Thus, water, which is 
composed of oxygen and hydrogen, always con- 
tains the same proportion of each ; that is, we do 
not find that in several specimens of water the pro- 
portions of oxygen and hydrogen vary. Also, if 
an acid and an alkali combine together, and 
thus form a certain salt, they always unite in the 
same proportion to form that salt ; however, they 
will sometimes combine in another proportion to 
form another salt ; but when substances unite in 
more than one proportion, the second, third, &c. 
proportions are multiples or divisors of the first. 
This is one of the latest discoveries in chemistry^ 

B 3 



6 OPERATIONS AND INSTRUMENTS 

and has given rise to the doctrine of definite 
proportions. 

Here it must be remarked that chemical com- 
binatiofi and mechanical mixture are very different } 
since, although bodies only combine in definite 
proportions, yet, they can be mia^ed together in all 
proportions. 

In general, before substances can be made to 
act chemically on each other, one of thqm, at 
least, must be in a fluid state ; and» that solids 
may be acted on more easily, they are generally 
mechanically divided into small pieces, or reduced 
to a powder. 

By trituration^ pulverization^ and levigationf is 
meant the reduction of solids into powders of dif- 
ferent degrees of fineness. Brittle substances are 
reduced to powder by means of hammers, pestles 
and mortars, stones and mullers. Mortars and 
pestles are made either of metal, glass, porceliun, 
marble, agate, &c. according to the hardness and 
properties of the bodies to be pounded. Wedge- 
wood's ware affords a most excellent kind of mor- 
tar for most purposes, as it is very strong, and not 
liable to be acted upon by acids. Many bodies 
cannot be reduced to powder by the foregoing 
methods : such are fiibrous substances, as wood, 
horns of animals, elastic gum, and mettles which 
flatten under the hammer ; for these, JileSf rqspSf 
knives^ and graters, are necessary. 

The separation of the finer parts of bodies from 
the coarser which may want farther pulverization, 
is performed by means of sifting or washing. 

A sieve for sifting generally consists of a cylin^ 
drical band of thin wood, or metal, having silk, 
leather, hair, wire, &c. stretched across it They 
are of different degrees of fineiiess. 



\ 
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Washing is used for procuring powilers of an 
uniform 6ncness, much more accurately than by 
means of the sieve ; but it can only be used for 
such substances as are not acted upon by the fluid 
which is used. The powdered substance is mixed 
with water, or other convenient fluid : the liquor 
is allowed to settle for a few moments, and is then 
decanted ofl"; the coarsest powder remains at tlie 
bottom of the vessel, and the finer passes over 
with the liquor. By repeated dccantations in this 
manner, various sediments are obtained, of different 
degrees of fineness: the last, or that which re- 
mains longest suspended in the liquor, being the 
finest. 

Filtration is a finer species of sifling. It is 
sifting through Uie pores of paper, or flannel, or 
fine linen or sand, or pounded glass, or ]>oroMs 
stones, and the hke ; but it is used only (or separ- 
ating fluids from solids, or gross particles that 
may happen to be suspended in them, and not che- 
mically combined with the fluids. Thus salt water 
caimot be deprived of its salt by filtration ; but 
muddy water will depasit its mud. No solid, even 
in the fonn of powder, will pass through the above- 
mentioned filtering substances : hence if water or 
other fiuid, containing sand, insects, mud, &c. be 
placed in a bag or hollow vessel made of any of 
those substances, the sand, &c. will remain upon the 
filter, and the liquor will pass through, and may bi; 
received clear in a vessel under it. Unsized paper 
is a very convenient substance for making filters 
for chemical purposes. It is wrapped up in a 
conical form, and put into a glass funnel, which 
aeri'es to strengthen the paper and support the 
weiglit of the fluid when poured into it. 

Dtcantalion is often substituted, instead of fil- 
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tration, for separating solid particles which are 
difiiise4 through liquors. These are allowed to 
settle tb the bottoiiiy and the clear fluid is gently 
poured off. If the sediment be extremely light» 
and apt to mix again with the fluid, by the slightest 
motion, a syphon is used for drawing off the dear 
fluid. 

Liaiviation is the separation by means of water, 
or other fluid, of such substances as are soluble in 
it, from other substances that are not soluble in.it. 
Thus, if a certain mineral consists of salt and sand, 
or salt and clay, &c. the given body being broken 
to powder, is placed in water, which will dissolve 
the salt, and keep it suspended, whilst the earthy 
matter faUs to the bottom of the vessel, and, 
by means of filtration, may be separated from the 
fluid. 

Evaporation separates a fluid from a solid, or 
a more volatile fluid from another which is le&B 
volatile. 

Simple evaporation is used when the more vola- 
tile or fluid substance is not to be preserved. 
Various degrees of heat are employed for this pur- 
pose, according to the nature jof the substances, 
it is performed in vessels of wood, glass, metal, 
porcdain, &c. Basons made of WsoaBwooD'a 
ware are very convenient, as they are not apt to 
break by sudden changes of heat. Small flasks of 
thin glass also : these are placed either over the 
naked fire, or in a vessel filled with sand, which is 
then called a sand-batk. This affords a more re- 
gular degree of heat, and renders the. vesseb less 
liable to be broken. 

When the fluid which is evaporated must be pre- 
served, then the operation is cdled distiUation. 

Distillation is evaporating in close vessds^ when 
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■we wish to separate two fluids of different degrees 
of volatility, and to preserve the most volatile, or 
both of them. The substance to be subjected to 
distillation is put into some vessel timt will resist 
the action of heat, called a retort, an alemlnc, or a 
*//'//, having a beak or neck projecting from it, to 
hich LS attached another vessel, to receive the 
fliiid that rises first, which is called the recipient, 
■r receiver. The vessel that contains the liquor to 
be distilled is placed upon the fire, or in a sand* 
bath, or over a lamp : tlie heat causes the most 
-volatile fluid to rise in the form of vapour, and to 
pass into the receiver, where it is again condensed 
hy cold. Tins condensation is sometimes as- 
«8ted by making the vapour pass through a tube 
hicli is immersed in a vessel containing cold 
water. 

A (Plate 1. flg. 1.), represents a retort used for 
'distUlatioD. It is a vessel, either of glass or baked 
earth, for containing the liquid to be distilled. 
"When it has a small neck, a, with a stopple Htted 
to it, for introducing the materials through, it is 
!allcd a tulmlated retort. B is the receiver for con- 
tensing the vapour which is raised, and into which 
he neck of the retort is inserted. The joining, 6, 
B niajle air-tight by means of some substance ap- 
lUed to it, called a lute. Various methods are 
ised for supporting both the retort and receiver, 
iccording to the degree of heat employed in the 
irooess and several other circumstances. 
When great heat is employed, earthen retorts 
used, which are placed on or in the fire. When 
less heat is wanted, glass retorts are generally 
employed, which must not not be placed immc- 
mtely on the fire, unless they are coated over 
with a comt>ositiun of clay and sand, which is 
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sometimes done. Glass retorts are generally 
placed in a sand-bath, or suspended over a lamp, 
. for which Aroand's lamp is the best* The re- 
ceiver is placed upon some stand convenienfe for 
the purpose, with a ring made of hay under it, or 
some such contrivance, to keep it steady. 

A (Fig. 2.), is a vessel called a mattrass^ for the 
same purpose, having a vessel, B, called an akmbk, 
fitted to the head. The liquid raised by heat into 
the state of vapour, is condensed in the alembic, 
and falls into a groove all round its inside, from 
whence it runs out by the spout, C, into the re- 
ceiver, D. 

Fig. 3. are conical tubes^ that fit into another, 
for lengthening the necks of retorts, &c. to con- 
nect them with the receivers at any distance : they 
are called adopters. 

Fig. 4. are phiab with bent glass tubes fitted in 
them, for disengaging gases, and similar experi- 
ments: they were used by Priestley, and are 
hence called Prt^stley^s bottles, and sometimes 
proofs : they are either tubulated or plain. 

A (Fig. 5.), represents a common stilL It is a 
large vessel of copper, into which the materials 
to be distilled are put. The still is built up in 
brick-work, which covers it up to the neck ; the 
fire is applied underneath, and runs round it in a 
^iral manner. B is the Aeo^/ of the still. This 
head is connected with the worm, which is a spiral 
tube, immei*sed in a vessel of cold water, called the 
refrigeratory, or cooling tube, C. The liquor be- 
ing condensed in its passage through the womiy 
runs out at the cock, D, into the vessel placed 
there to receive it* 

This is the construction of the common still for 
distilling spirituous liquors i but a very great im« 
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provementlias been made up«ii this instrument, in 
Scotland, within these few years. This improved 
apparatus is known by the name of the Scotch 
still, a section of which is represented, Fig. 6. The 
principle of the improvement consists in exposing 
a great (juantity of the surface of the fluid to the 
action of the tire, and affording a more ready means 
for the escape of the vapour or gas. 

A, is the body of the still, made very shallow 
and concave at the bottom, in order that the fire 
may act better upon it ; bh, are a number of tubes 
opening into the still, and communicating with the 
neck of the still 13, in order to convey tlie vapour 
off as soon as it is formed ; cc, is a cover that shuts 
down over the pipes and top of the still, to keep it 
warm, by preventing the loss of heat which would 
be occasioned by the contact of the cold air. This 
is eSected by the quantity of air that is confined 
between the cover and the top of the still ; for it 
is a fact which is now well known, that confined air 
is a noTt'Conduclor of heat. In general, the heads 
of stilU are kept warm by laying blankets upon 
them, at least when this Is attended to, as it ought 
always to be i but this metallic covering, by sur- 
rounding the still with a quantity of confined air, 
answers the pui-pose still better. 

When the materials which are evaporated con- 
crctc in a solid form, within the neck of the dis- 
tilling vessels, then the distillation is more ])roperly 
called suMimation. 

By tiie above means, one fluid may be separated 
from other materials; but it often happens, that in 
tlistillation the substances which are subjected to 
this process haA-e a chemical action upon eacli 
other ; new conihinutions take place, and penna- 
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nently elastic fluids or gases are disengaged, which 
are required to be preserved and examined. For 
this purpose, a very uset'ul apparatus is employed, 
called the 

PNEUMATO-CHEMICAL APPARATUS. 

Fig. 7, represents an improved pncumato-chemi- 
cal apparatus and lamp-lumace connected with it. 

A, is a vessel filled with water. In this vessel 
a shelf is placed, so as to be a little under the 
surface of the fluid, having several holes bored 
through it, to which small funnels arc attached 
underneath. 

The glass air>jar, or receiver, B, which is to re- 
ceive and contain the gas, is fliled with water, and 
being inverted with its mouth under water, it is 
raised up gently till its mouth is nearly out of the 
water, but not quite ; and it is then placed upon 
the shelf over one of the holes. The receiver will 
remain full of water, which is kept up by the 
pressure of the atmosphere upon the principle of 
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The shelf, with the lamp and the ring having ^e 
retort in it, are now to be adjusted by moving them 
up or down, until the lamp is at a convenient 
lieigJit below the retort, the neck of which rests 
upon the edge of the cistern, and the end of its 
neck opens in the funnel under the jar standing 
upon the shelf. The lamp nmst now be lighted, 
and as soon as the substances in the retort act upon 
each other sufficiently, the gas will begin to be dis- 
engaged, and will ascend through the hole in the 
slielfinto the vessel, B, and displace the water with 
whidi it bad been filled. When all the water is 
displaced, tbc receiver is full of tlie gas which was 
disengaged from the retort, and may be preserved 
in it by keeping its mouth always under the water 
the cistern. 

This gas may be transferred from the vessel, B, 

linto any other vessel, in tiie Ibllowing manner ; fill 

Ihe vessel into which the gas is to be transferred, 

rith the fluid in the trough, and place it on the 

iielf as before directed, over one of the holes. 

Then take the vessel, B, and keeping its mouth stilt 

liider the fiuid, bring it under the hole on wliich 

'ic vessel is placed, then depressing its bottom, 

ind elevating its moutli, so as to bring it more to a 

lorizontal position, the gas in it will escape and 

rise up through the hole on which the other vessel 

Efias been placed, and will fill it by displacing the 

iuid. In this manner any gas may be formed, or 

^transferred from one vessel to another. 

The cistern for tlie water may be made of wood, 
in the manner of a tub, and hooped round, which 
may or may not be painted inside and out. But it 
will be much more elegant if made of sheet-iron, 
tinned, and japanned of a brown or chocolate co- 
Joiir. The ornaments, if any, may be of brass, or 
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gilt. The best material for the lamp-furnace is 
brass lackered, and the lamp should be of tin ja« 
panned. The apparatus constructed in this man- 
ner has an extremely elegant appearance, and is 
found to answer perfectly well for a variety of che- 
mical operations. 

When the gas to be procured is absorbable by 
water, quicksilver is used instead of water ; and, 
as it is very expensive, a smaller vessel is neces- 
sary, which must be made of some material not 
acted upon by quicksilver, as wood or stone ; and 
it must be sufficiently strong to resist the great 
weight and pressure of the quicksilver. It is usuaUy 
cut out of a solid block of wood, or marble, or 
made very strong of mahogany, and varnished over, 
to make it perfectly tight. 

A small glass vessel, capable of containing an 
ounce measure^ is used for measuring gases ; for 
if this phial be successively filled, and inverted un- 
der a large jar, we may thereby throw into that jar 
any required quantity of an elastic fluid, or as many 
measures of one elastic fluid, and as many of ano- 
ther, as we please. 

G (Fig, 7.), represents a tube for receiving a 
mixture of gases that are to be exploded by the 
electric spark. It is a very strong glass tube, closed 
at one end, and having a scale upon it, cut with a 
diamond. Near the closed end two wires pass 
through the glass, and almost touch each other, 
but not quite ; they are cemented in, so as to make 
the holes air-tight When this graduated tube is 
filled with the fluid in the trough, and inverted 
upon the shelf, certain measures of the gases to be 
exploded are introduced in the usual way. If thus 
the interval between the two wires be made a part 
of the electric circuit, by fastening chains con- 
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nected with a Leyden phial to the rings of the 
wires, the spark will pass through the interrupted 
space between the two wires, and explode the 
gases. Tliesc instruments arc called exploding 
tubes. 

In compound distillations, or when a decompo- 
sition of the materials subjected to this process 
takes place, and gases are tbnned, some of wliich 
are absorbable by water, some by alkalis, and 
others are not capable of being absorbed at all, it 
is often required to preserve separate the several 
new substances procured. The apparatus invented 
by Lavoisier for this purpose is the most con- 
venient. 

A (Plate a. fig. 1.), is a glass retort, the beak 
of which is adjusted to a double tubulated balloon, 
or receiver, B. To the upper tubulure of this re- 
ceiver is fitted a glass tube, C, the other extremity 
of which is conveyed into the liquor contained lu 
the glass vessel, D: with this vessel, D, which has 
three tubulures, are connected two or three other 
similar vessels, by means of glass tubes fitted into 
their tubulures, and to the last tubulure of the 
range of vessels is adapted a glass tube which is 
conveyed under a receiver placed upon the shelf 
of the pneumatic cistern. Water is put into the 
first of these vessels, caustic potash into the next, 
or such other substances as are necessary for ab- 
sorbing the gases, and the joinings are well luted. 
Sometimes it will happen that a re-absorption of 
gas takes place; and in this case, that there may 
be no ilanger of the water in the pneumatic tub 
entering rapidly into the vessels through the tube, 
E, a capillary tube is adapted to the middle tubu- 
lure of each vessel, which goes into the liquid con- 
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tained in it. If absorption takes place, either in 
the retort or vessels, the external air enters through 
these tubes, to fill the vacuum which is occasioned 
by the absorption, and no water comes into the 
vessels. 

Large vessels for containing air, and expelling 
any given quantity, are called gazameters. They 
are of various constructions ; one oi the best is the 
following : AB (fig. 2.), is a cylindrical vessel of 
tin, japanned, nearly filled with water, and having 
a tube, C, in the middle, open at top, and branching, 
to communicate with the cock, D. Within this 
vessel there is another cylindrical vessel, generally 
of glass, of smaller size, F, open at bottom, which 
is inverted and suspended by the lines e e^ which 
go over the pulliesj^^^^ and have weights ^^, 
attached to them, to balance the vessel, F. TV^ile 
the cock D remains shut, if the vessel F be pressed 
downwards, the air included within it will remain 
in the same situation, on the principle of the div- 
ing-bell ; but if the cock be opened^ and the vessel, 
F, be pressed down, the air included within it will 
escape through the cock, and if a blow-pipe be at* 
tached to this cock, a stream of the gas may be 
thrown upon lighted charcoal, or any other body. 
By means of the graduated rod^ A, also, the quan- 
tity thrown out is exactly ascertained : this rod is 
so divided as to express the contents of the inner 
vessel in cubic feet, &c. This instrument also an- 
swers for breathing any of the gases, by applying a 
mouth-piece to the cock. To render it more 
portable, the weights g g^ are sometimes included 
in the uprights ii^ which are hollow, and wide 
enough to receive them. Sometimes, also, there 
is another branch from the bottom of the pipe, in 
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the middle, directed to the side of the outer cy- 
linder, and coming upwards by the side to the top, 
where there is another cock attached. 

For solution, and dissolutions, and for crystal- 
lizing salts, vessels of glass or earthenware are 
sed. 
The melting, or causing any body to pass from 
f the solid to the liquid state, by the action of fire, 
is cuiledjusian. The fusion of metallic substances 
, requires vessels sufficiently strong to resist the fire. 
kThose vessels are mostly, if not always, made of 
arthen-ware, or porcelain, or a mixture of clay 
land powder of black-lead. They are called cru- 
' cibles, and are generally of tlie forms represented 
Fig. 3. Sometimes these vessels have covers made 
pf earthen-ware j but sometimes the fused metal 
must be exposed to a current of air : in that case, 
Jie crucibles are broad and shallow, as at Fig. 4. 
jihese are called cupels, and they are formed of 
 calcined bones, mixed with a small quantity of 
fday, or of a mixture of clay and black-lead pow- 
* der. But the cupels nuist not be placed in a 
closed furnace, or be surrounded by coals j for, in 
that case, the required current of air could not 
thavc access to the fused metal. They are, there- 
Ifore, placed under a sort of oven of earthen-ware, 
•which is called a nJH/ffe, as represented, Fig.5, which, 
with the included cupel, is exposed to the heat of 
a furnace. 

The various degi'ees of heat which are required 
lor the performance of chemical operations render 
a variety of fire-places, or furnaces, necessary for a 
chemist. Those furnaces are either open at top, 
or they are covered with what is called a dome, 
and have a chimney, or tube, to carry off' the heated 
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air» smake> &c. TbqF are soinetimes supptied with 
air fram the natural action of the fire» which rare* 
fies the air about the ignited fuel } and the rarefied 
air bemmiqg specifically lightei:» ascends into the 
chimney* whilst the colder, and consequently hea- 
vier air, is forced by the atmosphere to enter at the 
lower port of the furnace. Some furnaces are sup- 
plied jfitijk IMT by means of bellows j and those are 
applied for for^^ng iron, or for reducing metals 
from the ore, which is called smelting. Hence the 
furnaces derive their various names, and are called 
simple^ or open Jumaces^ reverberatory jwmace^ 
tiAndt or air furnaces^ blast Jumaces^ Jorges^ smelt'- 

hugJumaceSf ^* 

A very useful kind of fumacct, for many pur« 
posess if that invented by Dr. Black, of Edinburgh* 
represented in Y\g. 6. It consists of a cylindrical 
or elliptical body of sheet-iron, coated within with 
a mixture of loam and clay. The aperture A at 
t(^ is closed occasionally with an iron saucer full 
of sand, which forms a sand-bath ; B is the door 
of the fire-plac^ and C is the ash-pit register, which 
slides so aa to admit more or less air. D is an iron 
tube which goes into the chimney of the room, to 
carry off the amoke. 

JBlow-pipes are used for directing the flame of a 
candle or lamp against any bit of ore or other sub- 
stance required to be examined. They ought to 
have a bulb upon the middle of their stem, to 
contain the moisture that is formed from the breath. 
See Fig. 7. 

The blow*pipe contrived by Dr. Black, of a 
conical form, represented in Fig. 8., is very con- 
venient; a, is the nozzle. 

When a solid substance^ in powder or otherwise 
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16 left for a certain time in a fluid, and the laniituie 
is kept exposed to a slow d^ree of heati the pm« 
cess is called digestion. 

When one substance, which has an affinity t0 
another, is mixed with as much of that oih«ff 
substance as its affinity will enable it to hold hi 
combination, then the former subatance is said tD 
be saturatedj or the mixture to have attained tb^ 
point of saturation. If the mixture contain a 
greater proportion of either substance, then that 
mixture is said to contain an access of it^ or to be 
surcharged. The same thing must be understood 
of the compounds of more than two substances* 

The dry way of performing chemical operations 
is when strong degrees of ]ieat are used, and the 
humid way is when fluid solvents are used. 

Combtistion is when a body is burned with the 
assistance of respirable ain 

Deflagration is when the combustion is attended 
with little explosions or cracklings. 

Detonation is a pretty loud report. 

OF THE NOMENCLATURE OF CHEMISTRY^ 

One of the chief improvements which have been 
made in modern chemistry has been the invention 
of names for the compound substances, which ex- 
press the elements which enter into their compo^ 
sition, as well as the proportions in which those 
elements are combined. By this the memory }» 
much assisted, in recollecting the nature of the 
great variety of substances, and to which the an- 
cient chemists gave arbitrary and frequratly unap- 
propriate appellations. 

When the simple substances, oxygen, chlorine, 
and iodine, which are supporters of combustion, 

c2 
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enter into combination with each other, or with the 
other elementary bodies, they form combinations 
that are divided into two classes. In one class the 
substances are not acidj and their names have their 
termination in ide, as oxide of chlorine, oaide of 
nitrogen, chloride of sulphur, iodide of iron, &c. 
MTien these supporters of combustion enter into 

^ combination with a body in more than one propor- 

tion forming oxides, the terminations, ous and /r, 

^j are employed. Thus nitrogen, with the smallest, 

proportion of oxygen, forms the nitrotcs oxide ; 
and, with a large proportion, it makes the nitric 
oxide. 

' When the metals combine with oxygen in one 

proportion only, the compounds are called simply 
oxides of the metals. Formerly the compound of 
a metal with oxygen was called a calx^ as the calx 
of tin, now the oxide of tin ; and Jhe process of 
combining a metal with oxygen was called calcina- 
tion^ now oaigenation. 

Sometimes oxygen can enter into combination 
with a metal so as to form oxides in more than one 
proportion, and then a syllable is prefixed to the 
term oxide to denote that proportion ; the smallest 
quantity of oxygen forms the protoxide of the me- 
tal, the second quantity of oxygen makes the 
deutoxide^ and the third, the tritoxide ; and, far- 
ther, the term peroxide is applied to that oxide of 
the metal that contains the greatest proportion of 
oxygen with which it is known to combine. The 
same syllables are prefixed to chlorides and io- 
dides. 

An oxide combined with water is called a 
^ hydrat. 

When an acid is formed by the union of a simple 
body with oxygen, it derives its name from that 
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body ; as the sulphuric acid, which is formed of 
sulphur and oxygen ; the carbonic acid, wliicii is 
formed of carbon and oxygen. 
. Sometimes oxygen will unite in several propor- 
tions with a simple body, so as to form different 
acids ; then the acid which is the most oxygen- 
ated, has its termination in /c; and that which is 
the least oxygenated, in ous. Thus sulphur forms 

^two acids i when it unites to the least proportion 
of oxygen capable of making an acid, it iorms the 
sulphureous acid, and with a larger proportion of 
oxygen it makes tlie sulphuric acid. 

Hydrogen, like oxygen, combines with acertfun 
number of simple substances, and with them forms 

' compounds, some of which are acid, and others 
ire not. To distinguish the acids fanned hy hy. 
drogen, from those formed by oxygen, the former 
are designated by the word hydro, as the kydrv- 
chloric acid, hydro^uoric acid. 

Products 710/ acid> formed by hydrogen and a 
wmple substance, if solid, are called hydruret : if 
gaseous, the name of the simple substance termin- 

1 Bted in ed is prefixed to that of hydrogen gas; 

us carburetted, or phospkoretted hydrogen gas. 

 When chlorine, sulphur, phosphorus, and carbon, 
■unite to each other, or to another simple body, 

 the compound has also its termination in uret, 
Wm chloruret of phosphorus, and of iron, sulphuret 

of iodine, phosphuret of lime, carburet of iron, &c. 
Neutral salts, or subHtances produced by the union 
of acids and alkalis, are denominated from the 
names of the acids and alkalis of wliich they are 
composed. The sails produced by the acid whose 
names end in ous have their terminations in ile ; 
\ tlms sulphurous acid and potash ibrm sulpliile of 
salts produced by acids ending in ic have 
c S 
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The terms, bi-wlphuret, bUphoKphoret, bi-sul- 
{jAnte, 8cc denote that these compoundi contain 
twice as much sulphur, pho<:pliorus, sulplmric 
add* ke. as die anlphuret, pho^horet, sulphate, &c. 



Calouc, or the matter of heat, ia generally con- 
sidered as a peculiar elementary cubstance. It 
caottot be ascertained to liave any weight, a body 
Then heated not being heavier than betbrc. 

A distioction is made between caloric, or the 
nutter of beat, and the word lieat when con^iidcrcd 
af ft senmtioH. The sensatiou of heat, or setuibU 
hmtt is the effect produced upon our or;gans by the 
motion of caloric disengaged tJvm the surrounding 
bodies* When we toudi a coUl subfitancer the 
oalofic, which exists in unequal quautities in dif- 
ferent iKxiies, but which alway tciuU t<i be J 




very strong tendency to combination, we are not 
able to procure it in that state. 

Combined caloric is that which is fixed in bodief 
by affinity or elective attraction, so as to form 
part of their constitution. By the expression spe- 
cific caloric of bodies, we understand the respective 
quantities of caloric requisite for raising bodies of. 
tlie same weight to an equal degree of temperature. 
This proportional quantity of caloric is thought to 
depend upon the distance between the consti- 
tuent particles of bodies, and their greater or less 
degrees of cohesion ; and this distance, or rather 
the s|iace or void resulting from it, is called the ca- 
pacity of bodies J'or heat. 

Heat has the property of expanding bodies, ox 
increasing their bulk. This may be observed by 
fitting a piece of iron to an iron ring so as just to 
fill it : then if the iron be heated in the fire, it will 
be found that it has become too large to pass 
tbrough the ring ; but when cooled, it contracts 
to the same size as before. Some uietals will ex> 
pand more than others. 

It is supposed that the caloric forces itself be* 
tween the particles of bodies so as to separate 
them. In acting thus, it is in direct opposition to 
the attraction oi' cohesion, which ke^)K them 
togetlier. 

Fluids also expand by heat. Put water into a 
very small glass tube with a bulb, and apply beat 
to the bulb ; the water will be seen to expand and 
fill more of the tube : as it cools, it will contract 
again. 

Gases also increase tu volume, by increase of 

temperature. Tie the neck of a bladder tigiit ( 

when it is almost empty, lay it before tiie tire ; the 

included air will expand, and tiie bladder will swell 

c 4 
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«nd i4fipear full, but will return to its former state 
by withdrawing it from the fire. From this pro« 
perty of matter in expanding by heat, the titermo^ 
meter becomes a measure of the heat in bodies. 
. Every body, therefore, whether solid, liquid, or 
gaseous, is augmented in all its dimensions, by an 
increase of sensible heat : and on the contrary, all 
bodies contract by an abstraction of caloric. We 
are still v^ far from being able to produce the 
degree of absolute cold, or total deprivation of 
heat ; hence, we are incapable of causing the ulti- 
mate particles of bodies to touch each otber. 

It may be supposed, since the particles of bodies 
are thus constantly impelled by heat to separate 
from each other, that they would have no con- 
nexion between themselves ; and that, of conse- 
quence, there could be no solid body, unless the 
particles were held together by some power which 
tended to unite them : this power is the attraction 
of cohesion. Thus, the particles of all bodies 
may be considered as subject to the action of two 
opposite powers, repulsion and attraction^ between 
which they remain in equilibrio. ' So long as the 
attractive force remains strongest, the body must 
continue in a state of solidity ; but if, on the con- 
trary, heat has so far removed these particles from 
each other, as to place them beyond the sphere of 
attraction, they lose the cohesion they had before 
with each other, and the body ceases to be solid. 

Water gives us a regular and constant example 
<^ these facts. Whilst below 32^ it remains solid, 
and is called ice. Above that degree of temper, 
ature, its particles being no longer held together by 
reciprocal attraction, it becomes liquid ; and when 
we raise its temperature above 212^, its particles 
giving way to repulsion caused by the heat, assume 
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Uie state of vapour or gas, and the water ia 
changed into an aerifonn fluid. 

The same may be affirmed of all bodies in na- 
ture. They are either soUd, or liquid, or in the 
state of elastic aeriform vapour, according to the 
proportion wliich takes place between the attrac- 
tive force inherent in their particles, and the re- 
pulsive power of heat acting on them ; or, what 
amounts to the same thing, in proportion to the 
degrees of heat to which they arc exposed. But 
were there no other cause affecting the solidity of 
bodies except the powers of attraction and repul> 
sion, they would become liquid at an indivisible 
degree of the thermometer, and would almost in- 
stantaneously pass from the solid state of aggreg- 
ation to that of aeriform elasticity. Thus water, 
for instance, at the very instant when it ceases to 
be ice, would begin to boil, and would be trans- 
formed into an aeriform fluid, having its particles 
■cattered indefinitely through the surrounding 
•pace. Tliat this does not happen, must depend 
upon the action of some third power. The pres- 
sure of the atmosphere prevents this separation, 
«id causes the water to remain in the liquid state 
until raised to the temperature indicated by 212** ; 
the quantities of caloric, which it receives in the 
lower temperatures, being insufficient to overcome 
the pressure of the atmosphere. 

Whence it appears, that, without this atmos- 
pheric pressure, we should not have any permanent 
liquid, and should only see bodies in that state in 
the very instant of melting ; for the smallest addi- 
tion of caloric would then instantly separate the 
particles, and dissipate them through the surround 
ing medium. Besides, without this atmospheric 
pressure, we should not even have any proper aeri- 
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fbrm fluids; beieause the force of attr&ction 
would be overcome by the repulsive power of 
caloric ; and the particles of bodies would separate 
themselves indefinitely, having nothing to give 
limits to their expansion, unless their own gravity 
might collect them together so as to form an 
atmosphere. 

It may be admitted, therefore, as a general prin- 
ciple, that almost every body in nature is suscep- 
tible of three several states of existence, solid, 
Uqtiidj and aeriform ; and that these states depend 
upon the quantity of caloric combined with the 
body. 

Tlie piastic aeriform fluids are expressed by the 
generic name o( gas ; and in each species of gas, 
a distinction is made between the caloric, which, 
in some measure, serves the purpose of a solvent, 
and the substance which, in combination with the 
caloric, forms the base of the gas. Thus water, 
united to a sufficient quantity of caloric, is called 
aqueous gajs ; ammoniac saturated with caloric, is 
called ammoniacal gas, &c. - 

Caloric, when free, appears to move in the form 
oi rays, and to be capable of being reflected in the 
same manner as light. The calorific part of the 
solar rays, or those which occasion heat, iu*e con- 
densed by a lens, ora mirror, as well as those which 
produce light ; and the rays of heat from any burn- 
ing body, or even of a body heated, although not 
in a state of combustion, are thrown ofi^ in a radiat- 
ing manner. If two polished metallic mirrors be 
placed opposite to each other, at several feet dis- 
tance, and if a pan of burning coals, or a heated 
piece of iron, be held in the focus of one of them, a 
thermometer placed in the focus of the opposite 
one, will be immediately afiected as if it bad been 



held close to the heated matter ; and this will be 
the case, even if the heated body is not luminous or 
incandescent, as hot water, for instance ; so that the 
invisible rays of heat also are reflected like those of 
- light. The chief part of the heat received from a 
common fire is in the form of radiant heat ; and 
whatever kind of construction will most promote 
the reflection of radiant heat into the room, will be 
the most advantageous form of the chimney. It iji 
upon this principle that the grates introduced into 
common use by Count Rumford are so much pre- 
ferable to all others. 

The effect of the solar rays upon bodies diffem 
much according to their colour ; blsick and dark 
coloured bodies are more heated than white ones ) 
the latter throwing ofl^ the rays, while the former 
absorb them. For this reason, black clothes are 
more heated by the sun than white ones. Polished 
surfaces, also, which reflect best, do not absorb so 
much heat as rough surfaces. 

The boiling or ebullition of liquids is a phenome* 
non which depends upon the liquid being converted 
into vapour by a certain degree of temperature ; 
consequently, those liquids which assume the va« 
porous or aeriform state at the lowest temperature 
are most easily made to boil. The ebullition, or 
the noise and motion of the liquid in boiling, is 
occasioned by small quantities of vapour being 
formed at the bottom of the vessel, which rise by 
their lightness in a globular form, and break at the 
surface. The ebullition of liquids is easier in pro* 
portion as the pressure to which they are subjected 
is lets ; thus water, which boils only at iW Fahr. 
in the air, will boil with a much less degree of heat 
in an exhausted receiver of the air pump ; and it 
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will also boil with much less heat on lofty moun- 
tains than in the valleys. 

Bodies differ very much with respect to the fa- 
cility with which heat passes through them. Those 
which transmit caloric easily are called conductors 
of caloric ; and, according to the power of doing 
sOt they are termed good or bad conductors. 
Those which do not transmit heat at all, or with 
great difficulty, are called nonconductors. How- 
ever, it should be observed, that, perhaps, no 
substances are absolutely non-conductors ; but 
liquids and gases admit the passage of caloric 
through them with such great difficulty, that, for 
practical purposes, this division is found usefuU 
Liquids carry heat chiefly by transportation ; the 
part of the liquid that is heated rises to the sur^- 
face, and gives place to another which is warmed 
in its turn, and so on until the whole has been 
heated. 

Many very important applications of this prin- 
ciple have been made by Count Rumford to oeco- 
nomical purposes. He showed that a stratum of 
confined air was one of the best modes of prevent- 
ing the escape of heat. 

The best conductors of heat are metals, and the 
best non-conductors are fluids and porous sub- 
stances. Charcoal is an excellent non-conductor. 

Heat may be excited by mere friction ; and this, 
probably, was the earliest mode of obtaining it to 
procure fire. It is still practised among uncivilized 
nations. For this purpose they take two pieces of 
dry wood, one about eight or nine inches long, 
and the other piece quite flat. They cut a blunt 
point upon the first, and, pressing it upon the 
other, they whirl it round very quickly, holding it 
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between both their hands, as we do a chocolate 
mill. In a few minutes the wood takes fire, if 
the irons of the axle of a coach-wheel be left with- 
out grease or oil, they mil become so hot as to set 
fire to the wheels j and accidents of this kind some- 
times happen. 

It is no uncommon practice in the country, for 
a blacksmith to hammer a piece of iron till it be- 
comes red hot, as a substitute for a tinder-box. 
The heat excited by the boring of a cannon is suf- 
ficient to cause water to boil. 

Heat is also produced by collision ; when a 
piece of hardened steel is struck with a flint, some 
particles of the metal are broken off, and so violent 
is the heat produced by the stroke, that they are 
rendered red hot, and melted. If the fragments 
of steel be caught upon a piece of white paper and 
examined with a microscope, they will be found to 
be spherules, and highly polished, showing that they 
liad been fluid. 

No heat seems to follow from the percussion of 
liquids insofl bodies. 

The inatrnmeuts for measuring heat by the ex- 
Jpansion of bodies are, tftennometers fot Ruida, and 
pyrometers for solids. 

A thermometer is a hollow tube of glass, her- 
metically sealed, and blown at one end into the 
dhape of a hollow globe, or bulb. The bulb and 
part of the tube are filled with mercury, wbicb is 
the only fluid that expands equally. When we im- 
merse the bulb of the thermometer in a hot fluid, 
the mercury expands, and, of course, rises in the 
tube; but when we plunge it into a cold body, the 
mercury contracts, and, of course,7ii//5 in the tube. 
The rising of the mercury, therefore, indicates an 
increase of heat ; its falling, a diminution of heat. 
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To facilitate the observation, the tube is divided 
into a number of equal parts, called degrees, or 
there is a divided scale attached to it. 

This scale is graduated in different manners by 
different nations: Fahrenheit's scale is that al- 
ways used in this country. 

The standard points are obtained by freezing 
and boiling water, degrees of heat which are con- 
stantly the same in nature. The heat at which 
the mercury stands, when immersed in each, being 
marked, the distance between them is divided into 
180 parts, and 32 parts of the same size are con- 
tinued downwards, so that 32° shows the heat of 
freezing water, and 21S° that of boiling water. 
Water cannot be made hotter than this in open ves» 
sels^ because it then becomes converted into steam^ 
or aqueous gas. 

The mercurial thermometer, it is evident, cannot 
measure degrees of heat above that of boiling mer- 
cury, nor below that of freezing mercury ; the 
former is 600**, and the latter 40° below of Fah- 
renheit's scale. 

For greater degrees of cold, .thermometers of 
spirits of wine, or essential oil, are used ; and to 
measure those higher degrees of heat to which the 
thermometer cannot be applied, pyrometers are em- 
ployed. An instrument of this kind was invented 
by the late Mr. Wedgewood. It consists of two 
pieces of brass, fixed so as to form an angle, having 
the legs divided into equal parts. Pieces of baked 
clay are prepared for this scale, so as to fit the 
brass at a certain place. If then the piece of 
clay be exposed to the heat required to be ex- 
amined, it will contract in its dimensions, and, 
when again applied to the brass scale, it will be 
seen bow much it has contracted. By this the in- 
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tensity of the heat is ascertained, for the clay oi 
which these pieces are prepared, has the property 
of contracting regularly, according to the degree 
of heat. 

This is an exception to the general law of bodies " 
expanding by heat i the expansion of melted metal 
in the act of cooling is another, as likewise the ex* 
pansion of water in the act of freezing. 

The greatest degrees of heat which can be raised 
have been produced by concentrating the solar 
rays with a mirror or lens, or by supplying a blow- 
pipe with oxygen gas ; or, what is still more power- 
ful, by a mixture of oxygen and hydrogen. This 
last method has been but lately employed, and pro- 
duces a far greater degree of heat than any other. 
The mixture is itself of an explosive nature, and, 
therefore, without proper precaution, exceedingly 
dangerous. The greatest degree of cold known to 
have been produced has been obtained by mixing 
snow with certain salts. The best salt for this 
purpose is muriat of lime. If this be mixed with 
dry light snow, and stirred well together, the cold 
produced will be so intense as to freeze mercury in 
a few minutes. Salt and snow also produce a great 
degree of cold. 

Evaporation, likewise, produces cold. The me- 
thod of making ice artificially in the East Indies 
depends upon this principle. The ice-makers at 
Benares dig pits in large open plains, the bottom 
of which they strew with sugar-canes, or dried 
stems of maize, or Indian corn. Upon this bed 
they place a number of unglazed pans, made of so 
porous an earth that the water oozes through their 
substance. These pans are filled towards evening, 
in the winter season, with water which has been 
boiled, and are left in that situation till morning, 



32 CALORIC. 

when more or less ice is found in them, according 
to the temperature of the air j there being more 
formed in dry and warm weather than in cloudy 
weather, though it may be colder to the human 
body. 

Every thing in this operation is calculated to 
produce cold by evaporation ; the beds on which 
the pans are placed su&r the air to have a free 
passage to their bottoms, and the pans, constantly 
oozing out water to their external surface, are' 
cooled by the evaporation of it; 

In Spain, they use a kind of earthen jars called 
buxaros, the earth of which is so porous, being 
only half baked, that the outside is kept moist by 
the water which filters through it ; and, though 
placed in the sun, the water in the jar becomes as 
cold as ice. 

It is a common practice in China, to cool wine, 
or other liquors, by wrapping a wet cloth round 
the bottle, and hanging it up in the sun. The 
water in the cloth evaporates, and thus cold is pro- 
duced. 

Ice may be produced, at any time, by the eva- 
poration of ether. Take a thin glass tube, four or 
five inches long, and about two or three eighths of 
an inch in diameter, and a two-ounce bottle of 
ether, having a tube drawn to a point, fitted to 
its neck. Pour some water into the glass tube, 
and let a stream of ether fall upon that part of 
it containing the water, which, by that means, will 
be converted into ice in a few minutes. If a thin 
spiral wire be introduced into the tube before the 
water is poured in, the ice will adhere to it, and 
may be drawn out. 
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Under Optics, the mechanical properties of light 
were considered. 

Li^ht has considerable influence on chemical 
operations, but little is knowti of its real nature. 
Most f^enerally it is considered as a certain simple 
substance, of wliicli the chief source is the sun; 
and it is also disengaged during the processes oi' 
combustion. 

The most delicate experiments have been insti- 
tuted for the purpose of discovering whether it 
I has weight, but without success ; on which account 
it is reckoned among the imponderable bodies. 
L There appears to be an intimate connexion be- 
n-een light and heat, and they are frequently 
Hven out together. But although ttiey are both 
■Iways Ibund in the sun's rays, yet irom them 
they may be obtained separately, the invisible rays 
of heat being more refrangibible than those of 
_ light: see vol. i. 

 Light is capable of entering in union with many 
^L substances, and of being again ' separated from 
^■ueni. This is the case in the substance called 
^^■yrophorus, which is made by exposing to a red 
^Bteat in a crucible for some time, a mixture of 
^Vpounded oyster shells and sulphur. If this sub- 
H itance be then carried into the light for a few 
r fecondfi, it will imbibe so much that it will become 
luminous in the dark by again giving out this light. 
Various kinds of meat, hut particularly fish 
when -they are beginning to putrefy, also rotten 
wood, sea-weeds, and some insects, as the glow- 
worm and lanthorn fly, have the property ofaliining 
' I the dark. 
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The effect of light upon vegetation is well 
known. Many flowers fellow the course of the 
sun, and most flowers turn themselves more or less 
towards the light. Hants that grow in darkness 
are pale and without colour, and when this is 'the 
case they are said to be etiolated^ or Mancked. 
Gardeners avail themselves of this fact to render 
some vegetables, as celery and endive, white and 
tenden The more plants are exposed to the liglit, 
the more colour tliey acquire. Vegetables are 
not only indebted to light for their colour, but 
their taste and odour are derived from the same 
source. From this it happens, that hot climates 
are the native <x>untries of perfumes, odori- 
ferous fruits, and aromatic resins. The action of 
light on the organs of vegetables causes them to 
pour out streacas of oxygen gas fit>m the surfaces 
of their leaves, while exposed to the sun, whereas, 
on the contrary, when in the dark, they emit air 
of a noxious quality. 

Animal life seems also to be no less influenced 
by light. Birds that inhabit tropical countries 
have much brighter plumage than those of the 
north. Animals in general seem to droop when 
deprived of light ; and no doubt it is very essential 
to the health of human beings. 

The colour of metallic oxides is changed by the 
action of light : the yellow oxide of tungsten be- 
comes blue by exposure to light ; the white salts 
of silver become black, and green precipitate of 
iron becomes red. Some oxides of metals lose 
weight by exposure to light, as the red oxide of 
mercury ; others lose their oxygen entirely, or 
become reduced, as the oxide of gold. Light, 
then, has the property of separating oxygen from 
several of the oxides. 
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Some substances when heated to a certain de- 
gree become luminous} iron, for instance; and 
this is what is called a red heat* 

If bodies heated to redness be introduced into a 
gas, it does not become visiblcy and hence it has 
been concluded that gas is not capable of being 
made luminous: but it is now considered that 
flame is hydrogen gas in a luminous state: 

Light is also produced by percussion ; as in the 
case of a flint and steel. The spark produced in 
this case is owing to the flint breaking off a small 
fragment of the steel, which is thus rendered red 
hot, and burns during its passage through the air. 
But two pieces of quartz struck smartly toge- 
ther also give out light, although here there can 
be no combustion. 

Instruments for measuring the degree or inten- 
sity of light are called photometers. 

ELECTRICITY. 

Electricity and galvanism have been already 
treated of in the first volume. The electric fluid 
is now considered as a chemical agent of great 
importance, exciting a powerful influence in the 
decomposition of bodies. The connexion between 
electricity and chemical decomposition was first 
shown by Sir Humphry Davy, to whom the world 
is indebted for so many brilUant discoveries. 

There is still, however, great uncertainty and 
various opinions with respect to die real nature of 
this influence, which is usually classed among the 
imponderable elementary bodies. 

D 2 



Oxygen is an elementary body that cannot be 
procured in a separate or free state, that is, it cannot 
be detached from the other bodies with which it is 
always combined. 

Orjfgm gas is so called from two Greek words, 
signifying the generator of acids, because it was 
considered by Lavoisier as the only acidjfying 
principle. It has been called also pure or vital air. 

About one fourth of tlie atmosphere consists of 
tbia gas, and it is essential to respiration and animal 
life. It is the most powerful and general supporter 
of combustion i and by its union with other bodies^ 
it forms roott of the acids. Oxygen gas may be 
easily procured by several processes. 

1. It is obtained in the greatest purity from 
oxy-muriate of potash. Put s<Hne of this salt into 
a small glass retort, place the neck under the shelf 
of the pneumatic trough, and apply the heat of a 
lamp to the retort. The salts will soon melt and 
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acid. It may be likewise obtained in great quan- 
tity from nitrat of potass (salt petre) in an earthen 
retort exposed to a strong fire ; also from the red 
oxide of lead, heated with or without sulphuric acid. 

Having procured a sufiicient quantity of this 
gas in separate vessels, its properties may be easily 
examined. 

It will be found that water does not absorb it ; 
for if some of it be agitated in a small vial half filled 
with water, and again immersed into the trough, 
it will not be diminished in quantity ; nor will the 
water rise in an inverted vessel of this gas, if left 
on the shelf of the trough for a day. 

Oxygen gas is eminently calculated to support 
the combustion of bodies. Plunge a lighted taper 
fixed to an iron wire, or a lighted splinter of wood, 
and the combustion will proceed with a splendour 
much encreased. 

Tlie flame of a lamp urged by a stream of oxygen 
gas, instead of common air, excites a heat more 
intense than the hottest furnace. 

Even the metals which are not easily combustible 
in common air burn in oxygen gas with great readi- 
ness. Iron or steel wire bums in a very striking 
manner. It should be kindled by having a small 
bit of wood fastened to the point ; the combustion 
of this will communicate to the steel wire, which 
will continue to bum. The fused drops of iron 
that fall down, when examined, will be found to be 
no longer malleable, but brittle and converted into 
the aride of iron. The same change will take 
place when the other metals are bumt in this gas. 

If a piece of charcoal, fixed to an iron wire, be 
lighted by a blow pipe, and put into ajar of oxygen 
gas, it will burn with a brilliant light, and throw 
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out numerous sparks, exhibiting a very beautiful 
appearance. Here the combustion produces a 
combination of the oxygen with the carbon of the 
charcoal, and the result is carbonic acid. 

A small bit of phosphorus, put into a copper 
spoon, bums in this gas with a light intensely 
bright. It is necessary to inform the young prac- 
titioner, that this experiment must be made with 
great caution. The phosphorus must be cut under 
water, and the piece employed must not exceed 
half the size of a small pea. The glass jar, in 
which the combustion is made, is not unfrequently 
broken by the heat. The result of this combustion 
is the phosphoric acid, from the combination of the 
phosphorus with the oxygen. 

In all these. cases, if the products of the cora« 
bustions be carefully weighed, it will be found to ex- 
ceed that of the substances burned, and the oxygen 
will be diminished^ which shows they have ab- 
sorbed a quantity of the oxygen employed. But 
this is still further proved, because the oxygen 
may b^ extracted from these newly-formed com- 
pounds, and the original bodies will be thus made 
to re<>appear. 

If the metal potassium, or sodium, be burned in 
oxygen, they form, by their union with it, the alka- 
lis, potass and soda ; so that oxygen is not only an 
acidifyingt but an alkatising principle. 

Oxygen appears to be connected with the cause 
of the red colour in blood, for if dark coloured 
blood be put into a phial of oxygen gas and shaken, 
the blood will assume ^ bright red colour. 
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Nitrogen gas is so called, because its base 
foriii!< nitric acid by its union with oxygen. It was 
by Lavoisier named azotic gas, and its base azote, 
I'rom a Greek word signifying without Ufe, because 
it is entirely destructive to animal life. 

This, also, thougli a. very abundant principle, 
cannot be exhibited in a free or uncombined state. 

In the state of gas, it forms a considerable part 
of our atmosphere ; in the solid state it enters into 
the composition of animal and vegetable bodies, 
nitric acid, and ammonia. It is incapable of sup- 
porting combustion or auimal life. It is not ab- 
sorbed by water, and it has no acid properties. 

It may be obtained by separating the oxygen 
from a portion of the atmospheric air; the residue 
will be nitrogen. This is done by exposing a cer- 
tain quantity of atmospheric air to sulphuret of 
potass, which absorbs tlie oxygen, leaving the 
nitrogen free. 

It may be also obtained by treating muscular 
ilesli, (as lean veal) with nitrons acid in a retort ; tlie 
flesh is decomposed, and the nitrogen set at liberty. 

That it does not maintain combustion, and is fatal 
to animal life, may be proved by plunging a lighted 
taper into a vessel filled with this gas, the taper will 
be immediately extinguished. If a small animal, 
as a mouse, or a bird, be immersed in it, it im. 
ncdiately dies. 
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COMBINATIONS OF OXYGEN AND NITROGEN. 

Nitrogen and oxygen unite together in four 
cUfierent proportions : 

1. Nitrous oxide, in which the oxygen is but 
half the volume of the nitrogen. 

S. Nitric oxide, in which the volumes of oxygen 
and nitrogen are equal. 

S. Nitrous acid, in which the volume of oxygen 
is twice the volume of nitrogen. 

4. Nitric acid, in which the oxygen is two and a 
half times the volume of nitrogen. 

Nitrous oxide. This gaseous compound, called 
also the gaseous oxide of nitrogen, or the gaseous 
oxide qf azote, was first discovered by Dr. Priestley j 
but it is to Sir Humphry Davy that we owe a 
thorough knowledge of its properties. 

Nitrous oxide is a permanent gas. A candle bums 
in it with a brilliant flame and crackling noise ; be- 
fore its extinction, the white inner flame becomes 
surrounded with a blue one. Phosphorus intro- 
duced into it, in a state of inflammation, burns with 
increased splendour, as in oxygen gas. 

Sulphur, introduced into it when burning with a 
feeble blue flame, is extinguished ; but when in a 
state of vivid inflammation, it burns with a rose- 
coloiu*ed flame. Lighted charcoal burns in it more 
brilliantly than in atmospheric air. 

Iron wire, with a smaH piece of wood affixed to 
it, and introduced inflamed into a vessel flUed with 
this gas, burns rapidly, and throws out bright scin- 
tillating sparks. 

Nitrous oxide is rapidly absorbed by water that 
has been boiled, and a quantity of gas equal to rather 
more than half the bulk of the water may be thus 
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.made to disappear; tbe water acquires a sweetish 
taste, but its otiier properties do not dif!er per- 
ceptibly from common water. The whole gas 
may be expelled again by heat. 

it does not change blue vegetable colours. It 
has a sweet taste, and a faint, but agreeable odour. 
This gas explodes with hydrogen, when electric 
sparks are made to pass through the mixture, 
.nimats, when confined wholly in this gas, give 
no signs of uneasiness at first; but they soon be- 
come restless, and then die. 

When it is mingled with atmospheric air, and 

then received into the lungs, it generates highly 

leasurablc sensations. The effects it produces on 

le animal system are very extraordinary ; it ex- 

tcs the body to action, and rouses the faculties of 

ic mind, inducing a state of great exhilaration, 

irresistible propensity to laughter, a rapid flow 

ideas, and unusual vigour and fitness for muscu- 

exertions, in some respects resembling the sen- 

itions attendant on intoxication, without any lan- 

lor or depression of spirits, or disagreeable 

Jings afterwards ; but more generally followed 

ly vigour and a disposition to exertion, which 

.dually subsides. 

This gas is produced when substances having a 

ig affinity with oxygen are added to nitric acid, 

or to nitrous gas. It may, therefore, be obtained by 

various methods, in which nitrous gas or nitric acid 

:omposed by bodies capable of attracting the 

tater part of their oxygen. The moat commo- 

and expeditious, as well as cheapest mode 

obtaining it, is by decomposing nitrate of ammo- 

!a by heat, in the following manner: put into a 

lass retort some pure nitrate, and apply to it 

Argaad's lamp ; the salt will soon liquiiy, and 
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when it begins to bcHl, gas will be evcived. Increase 
the heat gradoally, till the body and neck of the 
retort become filled with a milky white vapour. In 
this state, the temperature of ike fused nitrate is 
between S40 and 480^. After decomposition has 
nroceeded for some minutes, so that the gas, when 
examined^ quickly enlarges the flame of a t£^r, it 
may be collected over water. Care should be taken,, 
during the whole process, never to suffer the tem- 
perature of the fused nitrate to rise above 500^ of 
Fahrenheit; which may be easily judged of from 
the density of the vapours in the retort, and from 
the quick ebullition of the fused nitrate ; for if the 
heat be increased beyond this point, the vapours in 
the retort acquire a reddish and more transparent 
appearance, and the fused nitrate begins to rise, 
and occupy twice the bulk it did before. The 
nitrous oxide, after its generation, should stand 
over water for several hours; it is then fit for 
respiration or other experiments. 

The explanation of this process is as follows: 
Nitrate of ammonia consists of nitric acid and 
ammonia ; nitric acid is composed of nitrous gas 
and oxygen ; and ammonia consists of hydrogen 
and nitrogen. . At a temperature of 480*^, the 
attractions of hydrogen for the nitrogen in the 
ammonia, and that of nitrous gas for the oxygen 
of the nitric acid, are diminished ; while, on the 
contrary, the attractions of the hydrogen of the 
ammonia for the oxygen of the nitric acid, and 
that of the remaining nitrogen of the ammo- 
nia for the nitrous gas of the nitric acid, are in* 
creased; hence all the former affinities are broken, 
and new ones produced; namely, the hydrogen of 
the ammonia attracts the oxygen of the nitric acid, 
the result of which is water. The nitrogen of the 
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ammonia now combines with the disengaged nitrous 
gas, and forms nitrous oxyd. 

To experience its effects in breathing it, put 
about a gallon into a large bladder, or oiled silk 
bag, having a tube attached to it, of three'tburths 
of an inch in diameter. First, the common air 
must be expelled from the lungs, before the tube 
is received into the mouth, and the nostrils must be 
accurately closed with the hand. It must then be 
breathed backwards and forwards into the bag for 
a few minutes. 

Nitric Osifde is called also nitrous gas. This com- 
pound of oxygen and nitrogen cannot be obtained by 
direct combination, but by abstracting irom nitric 
acid a portion of its oxygen, leaving the remainder 
in such proportion as to constitute nitric oxide. 

Wlieu pure, it is not acid, and is void of colour. 
It is incapable of supporting the combustion of 
most bodies; nevertheless, phosphorus and pyro- 
phorus burn in it. Nitrous gas is made by putting 
dippings or filings of copper into a retort with 
^. nitric acid, diluted with thrice as much water j red 
H* fiimes will be given out, if the gas is sufiered to 
^V escape into the air ; but if collected in the pneu- 
^Hniatie apparatus, the gas is colourless. In this pro> 
^Hcess, the metal attracts the oxygen from the nitric 
^^acid, and becomes oxydated j the rest of the acid 
being deprived of a great portion of its oxygen, can 
no longer exist as acid ; it therefore expands, be- 
comes aeriibrm, and appears as nitrous gas. 

M'heu nitrous gas and oxygen gas are mixed to- 
gether in a glass vessel, previously exhausted of air, 
they instintly unite, and Ibrm a reddish coloured 
gits which has but half the volume of the two gases, 
and which is highly acid. This iivw couipouad is 
i called nitrous acid gas. 
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Nitxous acid gas is very easily absorbed by 
water, rendering it a green, sour liquid. 

When nitrous gas is mixed with atmospheric air, 
the same red fume appears, from the nitrous gas 
uniting to the oxygen of the atmosphere, leaving 
the nitrogen by itself. Hence this gas has been 
used for measuring the quantity of oxygen gas con- 
tained in air, and an instrument for this purpose 
has been called an Eudiometer. A tall glass tube, 
sealed at one end, is usedfor this purpose, filled with 
water, and inverted in the pneumatic apparatus. 
Send up a certain measure of the air to be examined 
into this tube, and mark the space which it occu- 
pies in the top of the tube. Then add to it a mea- 
sure of nitrous gas, and observe the degree of 
diminution. By comparing how much Afferent 
specimens of air will be diminished by the same 
quantity of nitrous gas, the relative quantities of 
oxygen in each may be estimated. This method of 
analysing atmosphere is not considered as very cor- 
rect, and other modes are sometimes used, where 
there are fewer sources of inaccuracy. 

Nitrons Acid. 

Considerable uncertainty prevails respecting this 
acid. The yellow coloured fuming acid, to which 
this name has been given, appears to be only nitric 
acid holding nitrous gas in solution. The nitrous 
gas may be expelled from it by the application of 
heat, and then the nitric acid is left colourless. 

But if nitrous gas and oxygen gas be mixed 
together, without the access of water, by intro- 
ducing them into a vessel previously exhausted of 
air, an union takes place ; the two gases diminish 
to half the volume, and an acid gas is produced. 
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This is the nitrous acid in a gaseous form. This 
acid gas is extremely absorbable by water, which is 
at first rendered green : then, as the absorption goes 
on, it becomes blue, and, finally, of an orange 
colour^: by adding more water, it may be brought 
back to the green colour. 

If dry nitrate of lead be distilled, an orange- * 
coloured liquid comes over; which is considered as 
nitrous acid nearly pure. 



Nitric Acid. 

This acid is one of those which have been longest 
known to chemists. It is so named from nitre, 
from which it was procured. The corrosive acid 
called aqua fortis is an impure and weak nitric 
acid : but it was long used before its analysis was 
known : this we owe to Cavendish. 

Nitre^ called also saltpetre^ consists of this acid 
united with potass, andthe process for procuringthe 
acid depends upon decomposing this salt. For this 
purpose, some substance is added to the nitre that 
has au attraction for the potass sufficiently strong to 
overcome that of the nitric acid, and, consequently, 
to allow it to be expelled by heat. Sulphuric acid 
is used for this purpose. During its expulsion, 
however, the nitric acid suffers a partial decompo- 
sition ; for though it is nitric acid that exists in the 
salt, it is nitrous acid that condenses in the receiver 
in the form of orange fumes. This b the common 
nitrous add qf commerce. 

To convert this into nitric acid, another process 
is necessary. By distillation, nitrous acid gas is 
driven cmG^ leaving the nitric acid colourless. Or, 
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it is distilled on jblack oxide cf manganese, ivhich 
gives more oxygen to it. 

Nitric acid is extremely caustic; that is, acts 
powerfully upon animal substances. It unites with 
the alkalis and eartlis ; it oxidates all the metals 
except gold and platina \ it thickens and blackens 
oils, converting them into a coal, or inflaming 
them, according to the nature of the oil, and the 
degree of the concentration of th^ acid. 

The combinations of nitric acid with difierent 
bases are called nitrates. 

When the nitrogen and oxygen gases are mingled 
together, they form a compound exactly resembling 
common or atmospheric air. 



Atmospheric Air 

Is, indeed, essentially composed of these two gases: 
and its analysis or decomposition has been one of 
the most interesting discoveries of modem che- 
mistry. It is curious that one of the ingredi- 
ents of this substance, so necessary to animal life, 
should, by itself, be highly deleterious. 

It has been completely proved, that the air of 
the atmosphere is a compound body, formed by the 
mixture of oxygen gas and nitrogen gas. The first 
is the only one of them that supports combustion ; 
and when combustion takes place in common air, 
it is this part that Unites to the burning body, form- 
ing either an oxide or an acid. If mercury be 
heated in a given quantity of atmospheric air for 
some time, it will becorte changed into a red pow- 
der, which will weigh more than the mercury ; the 
air will be found to be diminished in quantity, and 
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to be no longer capable of supporting combustion. 
The reason of this is, that the oxygenous part of 
tlte air has united to the metal, and converted it 
into an oxyde, leaving behind only the nitrogen. 

This decomposition of the atmospheric air may 
be efieeted more easily by burning phosphorus in 
it. During the combustion of the phosphorus, it 
unites to the oxygen, and forms phosphoric acid ; 
the remainder is nitrogen. 

The proportion of oxygen gas contained in a 
given quantity of atmospheric air can be ascertain- 
ed by various processes. One method is, by in- 
verting a glass tube into a, solution of sulphuret of 
potass. Tliis substance will absorb the oxygen 
gas, but not the nitri^en ; hence the air in the 
tube will diminish in bulk, and what remains will 
show the proportion ol" nitrogen. 

It was supposed by modern chemists, until lately, 
that oxygen was essential to combustion ; and that 
tbis process was, in all cases, the combination of 
oxygen witli the combustible body ; but it has 
been found, that there are some other substances, 
as cidorine and iodine, whicli have also this pro- 
perty of supporting combuslion : it is, however, the 
oxygen that acts in all the usual combustions in 
common air. The heat and light were supposed 
to be separated from oxygen, the base of tlie gas, 
fhich became tixed in the burned body. At pre- 
sent it is maintained by some, tliat combustion 
may be the consequence of intense chemical ac- 
tion, and need not depend upon any particular 
combination. This subject, however, remains very 
obscure. 

Air, which iias been breathed, is found to have 
lost its oxygen. This principle is retaiited in the 
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lungs, and is absorbed into the blood: it appears 
essentially necessary to vitality. 

An animal can only live for a limited time in a 
given portion of air. If a mouse or a bird be con- 
fined under a glass that is closed, they will soon 
die ; a candle, suso, will bum only a short time. In 

crowded rooms, where there is not a free circula- 
tion of air, the oxygen is diminished by the respi- 
ration of so many persons, and the air is rendered 
unhealthy. The lights, also, are observed to bum 
dim, and contribute much to exHaust the oxygen. 
This points out the importance of ventilating 
all kinds of apartments, but particularly public 
places. 

It has been found that in 100 parts by measure 
of atmospheric air, there are 2 1 parts of oxygen 
gas and 79 of nitrogen gas. 

From the property of oxygen as being essential 
to respiration and animal life, it had been thought 
that the salubrity of air must depend upon the 
quantity of oxygen which it contained ; but, al- 
though the airs of various places have been ex- 
amined, as that of towns, prisons, the country, 
tops of hills, the ocean, &c., it appeared that the 
proportion qf oxygen did not sensibly differ in them 
all. The healthiness of certain airs, therefore, 
must depend upon some other circumstances. 

Although the great mass of the atmosphere is to 
be considered as consisting of oxygen and hydro- 
gen, yet it contains a small quantity of many other 
gases, and also water, and a variety of exhalations 
and substances dissolved in it. It always contains 
a portion of carbonic acid gas, perhaps 1 part in 
lOOO^for alkalies become effervescent when exposed 
to it, and lime water acquires a pellicle on being 
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exposed a sufficient time to tlie action of tlie air, 
even upon the highest mountains. 

Since the oxygen of the atmosphere la continu- 
ally abstracted from it by various decomposing 
processes, it would appear tliat nature must have 
some mode of renewing a principle so important. 
Vegetables have been supposed to perform this 
office, since they always exhale oxygen gas in the 
day, and particularly when the sun shines. This 
circumstance may be easily observed by putting 
some leaves into an inverted tumbler of water 
placed in the sun-shine. Minute globules of air 
will be seen rising from the leaves, which, col- 
lected at the top and examined, will be found to 
be oxygen. 



Hydrogen is so called from two Greek words 
signifying the generator of water, because it is one 
of the constituent principles of this fluid. It is 
also one of the ingredients of bitumen, of oils, fat, 
ardent spirits, ether, and of all the proximate com- 
ponent parts of animal and vegetable bodies : it 
[forms a constituent pait of all animal and vegeta- 
P ble acids : it is one o{ the elements of ammonia, 
and of various compound gases. 

It possesses so great an affinity for caloric, that 
it is impossible to procure it in the concrete or 
liquid state, independent of combination. Hydro- 
gen united to caloric forms hydrogen gas. 

Hydrogen gas is the lightest substance whose 
waght we are able to to estimate ; when in its 
puK«t state it is about thirteen times lighter than 
atmospheric air. It is unfit for respiration ; uii- 
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mBhf when obliged to breathe in it, die almost in- 
stantaneously. It has a peculiar and disagreeable 

smell. 

It is decomposed by living vegetables, and its 
base is one of the constituents of oil, resin, &c. 
It is highly inflammable, and bums rapidly when 
kindled in contact with atmospheric air, or oxygen 
gas, by means of the electric spark, or by an in* 
flemied body, exhibiting a blue lambent flame. 
Water absorbs about one thirteenth of its bulk. 
It dissolves carbon, sulphur, phosphorus, arsenic, 
and many other bodies. When its basis combines 
with tliat of axygen gas, water is formed, and with 
nitrogen it forms ammonia.* 

An easy method of obtaining hydrogen gas 
consists in subjecting water to the action of a 
substance which is capable of decomposing this 
fluid. 

For this purpose, let sulphuric acid, diluted 
with four or five times its weight of water, be 
poured on iron filings or bits of zinc, in a small 
retort or glass bottle ; as soon as the diluted acid 
comes in contact with the metal, a violent effer- 
vescence takes place, and hydrogen gas escapes, 
without external heat being applied. It may be 
collected in the usual manner over water, taking 
care to let a certain portion escape, on account 
of the common air contained in the disengaging 
vessel. 

Hydrogen gas is often found in great abundance 
in mines and coal-pits, where it is sometimes gene-* 
rated, and becomes mixed with the atmospheric air 
of these subterraneous cavities. If a lighted can- 
dle be brought into this mixture, it explodes, and 
produces the most dreadful effects. It is called by 
miners the ^re damp. It generally forms a cloud 
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in tht upper part of the mine, on account of its 
Hghtne33, but does not mix there with atmospheric 
air, unless sorae agitation takes place. The miners 
frefjuenlly set fire to it witli a candle, laying, at 
the same time on their faces, to escape the violence 
of the shock. An easier and safer method of 
clearing the mine is, by leading a long tuhe 
through the shaft of it to the ash-pit of a furnace j 
by this means the gas will be conducted to feed 
the file. 

Hydrogen gas, though itself inflammable, extin- 
guishes burning bodies, and is incapable of main- 
taining combustion. Bring an inverted jar filled 
with hydrogen gas over the flame of a candle, and 
depress the jar, so that the lighted wick may be 
wholly surrounded by the gas; the candle will be 
immediately extinguished. 

Hydrogen gas is only inflammable when in con- 
tact with atmospheric air or oxygen gas. Fill a 
«mall phial with hydrogen gas, and take it from 
the pneumatic trough, placing the thumb on the 
moulh thereof, to prevent the gas from escaping j 
if a lighted taper be applied to the mouth of the 
phial, the gas will take fire, and burn with a lam- 
bent flame. The gas will only burn where it is in 
contact with the atmospheric air ; the flame will 
descend gradually, till all the gas is consumed. 

If the hydrogen gas be pure, the flame will be of 
a blue colour; but if the gas holds any ^substance 
in solution, which is generally the case, the flame 
is tinged of diflerent colours, according to the sub- 
stance. It is usually reddish, because the gas 
holds in solution a little charcoal. 

On this principle is constructed the philosophical 

catidle, which cannot be easily blown out. Fill 

with hydrogen gas a bell glass, furnished with a 
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ctpiUaTy tube ; compress the gas, by making tlie 
bell descend below the suHace of the water in the 
pneumatic trough ; then apply a lighted taper to 
the upper extremity of the tube ; the gas will take 
fire, and exhibit a candle, which will bum till all 
the gas is exhausted. 

Artificial fire-works may be constructed by filling 
bladders with hydrc^n gas, and connecting them 
with revdving jets, (ubes, &c., bent in di^rent 
directions, and formed into various figures pierced 
with holes of difierent Mzes. The air which is 
forced through these holes by pressing the blad- 
ders, will, when inflamed, exhibit a curious fire- 
work, without either ntuse or smoke. 

By the inflammable property of hydrogen gas, 
and the eflfects oi electricity, a curious lamp has 
been invented by Volta, which, by turning a stop 
cock only, may instantly be lighted, and that many 
hundred times. 

Hydrogen gas burns more readily in proportion 
as it is surrounded with a lai^r quantity of atmos. 
pheric air. Hydrogen gas and atmospheric air, or, 
what i& better, oXygCti gaA, ntay be mixetl togrlhc-r. 
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portions, and mixing only one part of oxygeTi gas 
with two of hydrogen. Tlie report will then be 
much louder than with common air. 

This experiment may be made conveniently by 
means of an apparatus called the injlammahk air pis- 
tol. To charge it, nothing more is necessary than to 
introduce its mouth inverted into a wide-mouthed 
bottle, filled with a mixture of oxygen and hydro- 
gen gas, leaving it in tor a fsv,- seconds ; it is then 
to be stopped witli a cork, and may be fired by the 
electrical spark taken from the prime conductor oi' 
the machine, or by a charged Leyden phiaJ. 

It has been, with great plausibility, conjectured, ' 
that the noise of thunder is the eft'ect of the rapid 
combustion of hydrogen and oxygen gas, fired by 
the electric spark ; and that the rain which fidls so 
copiously at the time of thunder-storms, is owing 
to a sudden formation of water by this means. 

From its lightness, it has been employed for 
makhig air-balloons, which have been already de- 
scribed. 

Soap-bubbles, filled with hydrogen gas, ascend 
in the air. To show this, fill a bladder with hydro- 
gen gas, and fasten it to a tobacco-pipe; dip the 
bowl ofthe pipe into a lather of soap, squeeze the 
bladder gently, in order to form a, bubble, and de- 
tach it in the usual manner. Tliese bubbles will 
rise rapidly into the air : if a lighted taper be pre- 
sented to them, they catch fire and burn with a 
slight explosion. 

If the bladder be filled with a mixture of hydro- \ 
gen and common aii', the soap-bubbles will ascend, j' 
and when the taper is presented to them they will 
explode with a loud report. This experiment is 
more striking if oxygen gas be mixed with 
hydrogeu. If the bladder b« squeezed so as to 
E 3 
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fonn a great many bubbles on the surfaco of the 
bflson^'the report witl be as loud as that of a cannon. 

It has lately been discovered, that hydro^ieni like 
oij^D, is an acidifying principle. United to chlo- 
rine, it forma h^dro^hhrie acid, which is the same 
M muriatic acid. Combined with iodine, it forms 
igfdriodic add. 

When hydn^eo gaa is united to sulpliur, it 
fiima aulphureted hydrogen, which has also tliu 
properties of an acid. Tellureted hydrt^n lias 
ako acid properties. 

Hydrogen and Oxygen. 

It has been already mentioned, that these two 
elements, when combined, fonn water. 

Till lately, water was considered as a simple sub- 
stance, or element ; no one had ever been able to 
decompose it ; and the decomposition of it, which 
is daily eSected in natural processes, had escaped 
observation. We shall, however, give such evi- 
dent proo& of the decomposition and recompo. 
sition of water, as v,\\l clearly ithow thai 
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the quality and quantity of it When the whde 
was thus arranged, a fire was kindled in the fur- 
nace C F £ D, and maintained in such a manner, 
as to bring the glass tube £ F to a red heat, but 
without fusing it ; at the same time as much fire 
was maintained in the furnace V V X X, as to 
keep the water in the retort A in a continual state 
of ebullition. 

In proportion as the water in the retort A as^ 
sumed the state of vapour by ebullition, it filled 
the interior part of the tube £ F, and expelled the 
atmospheric air which was evacuated by the worm 
S S, and the tube K K. The steam of the water 
was afterwards condensed by cooling in the worm 
S S, and fell drop by drop, in the state of water, 
into the tubulated fiask H* When the whole of 
the water in the retort A was evaporated, and the 
liquor in the vessels had been suffered to drain off 
completely, there was found in the flask H a quan» 
tity of water, exactly equal to that which was in 
the retort A, and there had been no disengage* 
ment of any gas ; so that this operation was merely 
a common distillation, which gave absolutely the 
same result as if the water had never been brought 
to a state of incandescence, in passing through the 
glass tube £ F. 

Esperiment II. — £very thing being arranged as 
in the preceding experiment, twenty-eight grains 
of charcoal reduced to particles of a moderate size, 
and which had been previously exposed for a long 
time to a white heat in close vessels, were intro- 
duced into the glass tube £ F. The operation was 
then conducted as before, and the water in the re- 
tort A kept in a continual state of ebullition, till it 
was totally evaporated. 

The water in the retort A was distilled as in the 

£ 4 
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preceding experiment, and being condensed in the 
worm S S, had fallen drop by drop into the flask 
H ; but at the same time there had been disen* 
gaged a considerable quantity of gas, which escaped 
through the tube K K, and was collected in a pro- 
per apparatus. When the operation was finished, 
there was found nothing in the tube £ F but a few 
ashes, and the twenty-eight grains of charcoal had 
totally disappeared. 

The gases disengaged were found to weigh alto- 
gether 118.7 grains. There were found two dif- 
ferent kinds of gas, viz. 114 cubic inches of 
carbonic acid gas, weighing 100 grains, and 3S0 
cubic inches of a very light gas, weighing IS.7 
grains. This last gas took fire, on being applied 
to a lighted body in contact with the air. In ex- 
amining afterwards the weight of the water which 
had passed into the flask, it was found less than 
that in the retort A by 85.7 grains. In this ex- 
periment, therefore, 85.7 grains of water and 28 
grains of charcoal formed carbonic acid gas equal 
to 100 grains, and a peculiar gas susceptible of in- 
flammation, equal to 13.7 grains. To form 100 
grains of carbonic acid gas, 72 grains of oxygen 
must be united to 28 grains of charcoal or carbon. 
The 28 grains of charcoal put into the glass-tube 
E F, took, therefore, from the water, 72 grains of 
oxygen, since there was formed carbonic acid equal 
to 100 grains. It appears, then, that 85.7 grains 
of water are composed of 72 grains of oxygen, and 
13.7 grains of a substance forming the base of a 
gas susceptible of inflammation. Tlie following is 
a proof of it. 

The apparatus being arranged as above, instead 
of the 28 grains of charcoal, 274 grains of tliin 
shavings of iron, rolled up in a spiral form, were 
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introduced into the tube E F ; the tube was then 
brought to a red heat as before ; and, in the same 
maimer, the whole of the water in the retort A was 
made to evaporate. 

In this experiment there was disengaged only 
one kind of gas, whicli was iiiflauimable ; tliere was 
obtained of it abont 40(i cubic inches, weigliing 15 
grains. 

The 27t grains of iron put into the tube E P 
were found to weigh S5 grains above what they did 
when introduced ; and the water tirst employed 
was diminished 1(X) grains. 

Tlie volume of these iron shavings was found to 
be greatly enlarged. The iron was scarcely any 
longer susceptible of attraction by tJie magnet ; it 
dissolved without eftciTcscence in acids j in a word, 
it was in the slate of a black oxyd, like that which 
has been burned in oxygen gas. 

In this experiment there was a real oxydatioii 
of the iron by the water, entirely similar to that 
«ftctcd in the air by the aid of heat. 100 grains 
of water were decomposed ; and of these 100 
grains, 85 united to the iron, to reduce it to the 
state of black oxyd j these S5 grains, therefore, 

insisted of oxygen; the remaining 15 grains, 
:pnibined with caloric, formed inflammable gas. 
'It thence follows, that water is composed of oxygen 
and the base inflammable gas» in the proportion of 
85 to 15, or of 17 to 3. 

If it be true, as we have endeavoured to prove, 
it water is composed of hydrogen combined with 
'■oxygen, it thence results, that, by re-uniting these 
principles, water ought to be produced. This, in- 
deed, is what takes place when, into a vessel filled 
with oxygen, a stream of hydrogen is introduced 

id set fire to. 
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In proportion as the combustion proceedi, water is 
deposited in the internal surface of the vessel ; the 
quantity of this water gradually increases, and it 
unites itself into large drops, whidi run down thesides 
of the vessel, and are collected in the bottom of it. 

In making this experiment, proper means were 
taken to ascertain the weight of the gases em- 
ployed. Before the experiment, the vessel was 
weighed ; and, by weighing it after the operation, 
the weight of the water that had been formed was 
obtained. Here, then, is a double proof; on the 
one hand, the weight of each of tlie gases em* 
ployed ; and, op the other, the weight of the water 
formed ; and these two quantities were found to 
be equal within a two hundredth part. It was thus 
found that 85 parts by weight of oxygen, and 15 
parts also by weight of hydrogen, are required to 
compose 100 parts of water. 

These phenomena of the decomposition and 
recomposition of water are continually effected be- 
fore our eyes, by the temperature of the atmos- 
phere, and the agency of compound affinities. It 
is this decomposition which gives rise, at least in a 
certain degree, to the phenomena of spirituous fer- 
mentation, to those of putrefaction, and to those 
of vegetation. 

Pure water is perfectly transparent, and has no 
taste nor smdl. It is not liable to change. It can 
absorb a variety of gases ; and when exposed to 
the atmosphere, it always contains a small quantity 
of common air, which may be separated by boiling, 
or by the air-pump. Rain-» water is the purest which 
we see in nature j but, for delicate chemical pro- 
cesses, it is distilled in glass vessels. Spring- water 
generally holds some salts in solution, which gives 
it various properties. 
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HydrogcQ gas combines with sever^ simple 
bodies, constituting, with them, peculiar and dis« 
tinct ffasea. 



Hydrogen and Carbon. 



Hydrogen gas unites to carbon, and forms, with 
it. Hydro-carbonate gas. Of this there are two 
kinds, according to the quantity of carbon which 
they contain. 

Light Hydro-Carbonate. — This is frequently 
seen rising from stagnant ponds, when stirred. It 
may also be procured by passing the vapour of 
water over red hot charcoal. It bums with a pale 
blue flame. It is also called Light carbureted Hy- 
drogen. It is contained very abundantly in 
many coal mines, where it is disengaged from 
fissures in the strata, often in great quantities; 
which are called by the miners blowers. When it 
has accumulated in any part of the mine, it forms 
an explosive compound, by its admixture with the 
common air : and when the miners approach it with 
lighted candles or lamps, it inflames with a tre- 
mendous explosion, killing the workmen and de- 
stroying the works. Indeed, nothing can be more 
terrible than such accidents ; and there is reason 
to think that they have happened more frequently 
than is generally known. The body of miners aie, 
therefore, infinitely indebted to Sir Humphry 
Davy for his invention of the Safety-lampf an in- 
strument which they can carry lighted into an ex- 
plosive mixture, without any danger of setting tire 
to it. This gas is called the Fire-damp by the 
miners. 

Bi<arhweted Hydrogen. — This gas contains 
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twice as much carbon as the last. It is heavier 
than it, and is also called the Heavy hydrO'Car- 
bonate. It burns with a bright white -flame, like 
that of the best wax candles. It has been called 
the ol^fiant gas, because, when mixed with chlo- 
rine in an exhausted vessel, or over water, a pe- 
culiar fluid was formed, resembling a thick oil, but 
which has been termed by Dr. Thomson, Chloric 
ether. 

Bi-carbureted hydrogen may be procured by 
heating, in a retort, four parts of sulphuric and 
of one alkohol ; when the mixture boils the gas 
comes over. 

Gas lUumnation. — The carbureted hydrogen 
gases are now extensively employed for the pur- 
pose of giving light. When coal is put into an 
iron retort placed in a furnace, an inflammable gas 
is given out, which is a mixture of the two above- 
mentioned species of hydro-carbonate, together 
with small quantities of carbonic acid gas, car- 
bonic oxide, sulphureted hydrogen, tar, ammonia, 
and water, ^fhcse last substances are separated 
by passing the gas through a mixture of quickUme 
and water; and the purified gas then passes into 
the gasometer^ from which it is distributed by 
means of pipes. The coal that has been thus acted 
upon, being deprived of its volatile principle, is con- 
verted into coke. 

The kind of coal, fittest for the production of 
good gas, is that which contains most bitumen and 
least sulphur. 

Messrs. J. and P. Taylor have lately taken out a 
patent for the production of carbureted hydrogen 
gas from oil The oil is decomposed by suffering 
it to drop into a bent iron tube, laid through a 
furnace. The oil is separated into charcoal and 
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bi-carburetetl lijdrogen, tlie flame of wliich much 
exceeds in wliitencss and brilliancy that of coal 
gas, which is a mixture of the two species of hydro- 
carbonates. Another material advantage in the use 
of the oil gas is, that it is not mixed with the impu- 
rities of coal gas, many of which are highly inju- 
rious to health, and to the furniture of houses. 
From experiments it appears that the coal gas does 
not contain above 10 per cent, of bi-carbureted 
hydrogen; while the oil gas consists almost entirety 
of it. 

Sulphurelcd Ili/iirogen Gas. 

"This is a combination of hydrogen gas with sul- 
phur. It has an extremely fetid odour. It is in- 
flaminabte. It cannot support lite nor combustion : 
indeed, it is highly deleterious. Water can absorb 
it, and acquires its peculiar smell. The mineral 
waters of Harrow^ate aiul Aix-Ia-Chapelle owe 
their properties chiefly to this gas. 

Sulphureted hydrogen gas has tlie property of 
causing metallic oxides to re-approach the metallic 
rVtate; the hydrogen of the gas attracting the oxy- 
m. If a piece of paper, dipped in a solution of 
letite of lead, be exposed to this gas, it instantly 
Komes blackened. If letters be written with the 
JAdution of lead, they will be invisible when dry, 
¥btit will become black on exposing them to sul- 
ppfauretcd hydrogen. 

It has also acid properties, ft unites with the 
alkalis and the earths, forming compounds called 
H^dnt'Sulph tircls. 

trhis gas affords an exception to the doctrine of 
voisier, that oxygen was the only acidifying prin- 
le; for in it there is no oxygen, yet it perfonn» 
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the moBt important functions of an acid, reddening 
vegetable blue% and combining with alkalis. The 
hydro-eulpharets are formed by passing a stream of 
this gas through solutions of the alkalis. 



Phosphorated Hydrogen Gas. 

Thi» gas consists of hydrogen and phosphorus* 
It is so combustible that it inflames by mere con- 
tact of atmospheric air. It has a very disagreeable 
smelly like that of putrid fish. 

To procure it artificially, put one part of phos- 
phorus and ten of a concentrated solution of potass, 
into a glass retort, and apply a gentle heat. When 
the mixture boils, the gas will come over, and may 
be collected in the pneumatic apparatus. 

In preparing this gas^ the body of the retort 
should be filled as nearly as possible with the mix- 
ture, otherwise the first portion of the gas, finding 
atmospheric air in the retort, inflames, a vacuum 
is produced, and the water is forced up into the 
retort, endangering the bursting of it. 

If the bubbles of air which are formed in the 
retort are suffered to escape into the atmosphere, 
they will inflame instantly with a slight explosion; 
at the same time a beautiful dense white circular 
ring of smoke rises, and gradually enlarges as it 
ascends. 

This gas may be made to bum under the surface 
of water* Put into a deep glass some phosphuret 
of lime, and half the quantity of oxy •muriate of 
potass : fill the vessel with water. Procure a long- 
necked glass funnel and plunge it into the vessel, 
putting it down to the bottom. Take some con- 



CHLOBINE. 65 

centrated sulphuric add and pour into €bt funnel. 
As soon as the decomposition of the water and that 
of the muriate takes place, flashes of fire will be 
seen to issue from the bottom of the vessel, having 
a green colour. 

If a ribbon be impregnated by a solution of gold, 
and hung in a jar containing this gas, the gold will 
be revived, and will gild the ribbon. 



CHLORINE. 

This gaseous body is now generally regarded as 
an elementary substance : but it was lately con-* 
sidered as a combination of muriatic acid with oxy- 
gen, and was hence called oxygenated muriatic 
ticid gas. 

It is obtained by heating a mixture of muriatic 
acid and black oxide of manganese over a lamp : 
the chlorine will be evolved. In this process, ac-^ 
cording to the present theory respecting the ele« 
mentary nature of chlorine, the oxide of manganese 
and muriatic acid decompose each other : the oxy* 
gen of the oxide unites to the hydrogen of the 
muriatic acid to form water, leaving the other 
constituent of the acid, viz« the chlorine, disen-* 
gi«ed. 

Chlorine is rapidly dissolved by water^ the. so- 
lution being of a pale yellow colour : it has a 
nauseous taste, and an extremely suffix^ating smell. 
When the gas is perfectly free from moisture, it 
has no action on vegetable colours, but, dissolved 
in water, it destroys them entirely. 

From this property, it is extensively employed in 
shortening the process of bleaching linen, and 
also \iKpft \ but it is said that it ' is apt to injure 
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the durability of the substances bleached, and no 
doubt, except due care is employed, this must be 
the case. Prints that have been stained by smoke 
imd dust may also be whitened by it, as it does not 
act upon the printing ink. 

Chlorine has likewise been found extremely effi- 
cacious in destroying the putrid effluviae in pri- 
sons, and hospitals, and preventing the infection 
of the small-pox. But when used for this purpose, 
a small quantity only is diffused through the air, 
for, when taken into the lungs by itself, it is fatal 
to animal life ; and, indeed, in preparing it, great 
precaution should be used not to inhale it, as it is 
extremely dangerous if not sufficiently diluted. 

Notwithstanding its unfitness for respiration, it 
supports combustion in a remarkable degree. 
Some bodies, as phosphorus, and several of the 
met^s, are spontaneously ignited when plunged 
into a vessel of chlorine ; on this account it is now 
reckoned one of the supporters of combustion, a 
property which was lately supposed to be only en- 
joyed by oxygen. In this view, combustion is re- 
garded only as the result of intense chemical 
action, and it is supposed that the compounds of 
chlorine have less capacity for caloric than their 
constituent principles, and, consequently, that ca^ 
loric is evolved at the moment of their formation. 

Chlorine is known to combine with oxygen in 
three different proportions, forming 

1. OjHde of Chlorine^ or Eucfdorine^ a gaseous 
body, not acid, having a smell less irritating than 
chlorine. 

2. Oaychloric Acid, which does not exist inde- 
pendent of water or a base. 

3. Chloric Acid. — Chloric acid cannot be ob- 
tained unmixed with water. It is colourless and 



S&ilr I acts on metals, and combines with alkalies, 
Turniing chlorates. 

Chlorate of potash was formerly called oxyuui- 
riat of potash. It is a soluble white suit. When 
heated it gives out oxygen, and the residue i3 
chloride of potassium. It forms extremely explo- 
.sive conipoumls with phosphorus, sulphur, and 
charcoal. A grain, with a minute portion of phos- 
phorus, laid upon an anvil, and struck with a 
hammer, makes a very loud report; but this 
experiment should not be attempted by the^oun^ 
student. From its detonating quality, it had been 
imagined that it could be used advantageously, in 
the manufacture of gunpowder, but it has not 
succeeded. 

Chlorate of potash is made liy causing a stream 
ijf chlorine to go through a solution of caustic 
ta^tash. 

IL The combinations of chlorine with other simple 
' bodies, form chlorides, if they are not acids, as 
chloride of sulphur, &c. 

Chlorine and hydrogen. This compound body, 
1 iWhicli, according to the present nomenclature, is 
llled hydrochloric acid gas, was known by the 
«mc of muriatic acid gas. It is readily obtained 
y distilling a mixture of common sea salt and suU 
buric acid. The sulphuric acid combines with the 
>da, one of the constituents of salt ; and the other 
constituent, the muriatic acid gas, is set free. Mu- 
riatic acid gas cannot support life nor combustion. 
It has a sharp pungent odour, and occasions white 
fumes wlien it is mixed with moist atmospheric air. 
It reddens vegetable blues. It combines with the 
alkaline bases; with ammoniacal gas it forms mu- 
riate of ammonia. 

VOL. II, r 



G6 IODINE. 

It is decomposed by the electric spark into hy- 
drogen and cUorine. 

It is readily absorbed by water, which then 
becomes* very acid, and forms the liquid muriatic 

acid. 

The nntriatio dcidj called alsa the marine acid 
and the spirit ofsaU^ is in very common use. It is 
obtained, as above*men[tioned, by distUling sea salt 
and sulphulic acid. It exists in a state of combin- 
ation with alkalies and earths in the mineral 
kingdom in greM quantity, chiefly with soda, lime, 
and magnesia. With soda it forms muriate- qfsoda, 
coifunon or sea «alt, with which every part of the 
ocean is impregnated^ and also some lakes. Mu- 
riate of soda also exists in the form of a rock in the 
earth, whence it is extracted : it is called rock salt. 
The most considerable mines of rock salt are in* 
Poland ; extensive mines are also worked in Hun^- 
gary, Spain, and Cheshire in £ngland. Muriate 
of soda is obtained also &om the sea water, by 
driving off the water by evaporation ; and this is 
done either by exposing salt water in shallow places, 
called saltpanSf to be evaporated by the heat of the 
sun, or by boiling salt water in vessels, or by these 
methods combined. Muriate of soda, so procured, 
is always contaminated with muriate of magnesia 
and muriate of lime, from which the salt is puri^ 
fled by different processes. 



IODINE. 



This substance, considered as a simple body, has 
been but lately discovered. It exists in certain 
marine plants, and is procured from kelpj which is 
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made by burning them. It is obtamed first in 
the form of fumes, of a violet color, which con- 
dense in small opaque crystals of a blackish grey 
color and metallic lustre, resembling plumbago. It 
appears to be an element that exists in small quan« 
tity. It is capable pf producing acids by combin- 
ation with other substances. - With oxygen, it 
forms iodic acid ; and, with hydrogen, it forms Ay- 
driodic acid* It combines with phosphoruls at the 
common temperature, giving out heat and light, 
and produces with it phosphuret qf iodine. With 
sulphur, it makes sulphuret qf iodine. 

Iodine, also, unites with all the metals, forming 
with them iodurets. 



sulphurI 



. Sulphur, known also by the name of brimstonCf 
is a mineral substance, frequently found pure in 
nature. 

It is of a pale yellow colour, without taste and, 
also without smell, except when heated. It is 
diiefly a volcanic product, and a great deal of what 
is used in this country is brought from Italy and 
Sicily. It is found also in nature combined with 
most of the metals as ores : united to iron, it forms 
iron pyrites. 

Sulphur is extracted from pyrites by ekposing it 
to heat in tubes, by which the sulphur is driven out 
and received in vessels with water : when melted 
apd poured into moulds, it constitutes the roll stiU 
phur in common use. A good deal of this is made 
in England. The sulphur thus obtained, however, 
is not quite pure. To purify it, it is sublimed by 
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a gentle heat in close rooms, and thus fonns^ow^^ 
qf sulphur. 

If sulphur be exposed tp heat it will soon fu8e» 
and, by continuing the fusion for some time, it will 
become thick and tenacious. If worked between 
the fingers under water in this state, it acquires a 
consistency like wax, and may be employed for 
taking impressions from seals or gems. This 
change in the sulphur has been ascribed to oxyda^ 
Hon; but the same effect takes place if the sulphur 
be kept in fusion without access of air. 

Sulphur becomes electric by friction, and then 
exhibits negative electricity^ It is soluble in oils. 
It does not combine with charcoal, but unites to 
phosphorus by means of heat Sulphur and iron 
have a great attraction for each other. K a bar of 
iron be heated to whiteness, and then touched with 
a roll of sulphur, the two bodies combine and drop 
down together in a fluid state, forming sulphuret of 
iron. Sulphur also unites to potash and to soda, by 
melting them together in a crucible : by this liver* 
brown substances are formed, called sulphurets of 
potash or of soda^ which are soluble in water. 

Sulphur is a highly inflammable body, burning 
with a pale blue flame. Put some threads, dipped 
in sulphur, into a vessel floating in water. Set 
fire to them, and cover the whole with an inverted 
gloss. The threads will continue to burn for some 
time, and the receiver will be filled with a dense 
white vapour. This vapour is the sulphurous acid^ 
formed by the union of the sulphur and the oxy- 
gen during the combustion. It is absorbed by 
the water which will ascend in the receiver. 

Let the whole then be left till the vessel is be- 
come again transparent. If the water be exam* 
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'-ined, it will have a sutlbcating odoiir and iiii acid 
taste. 

Sulphurous acid, or the vapour of buniiag sul- 
phur, has been found very useful tor destroying 
the infection of clothes and small uninhabited 
places, and for fumigating letters from contagious 
places. It is used in dyeing, and for whitening 
straw and silk. 



Sulpfiwic Acid. 



This acid is composed of sulphur and oxygen, 
Wld contains a greater proportion of oxygen than 
sulphurous acid. 

This acid is the same with that commonly known 
by the name of Oil of Vitriol. It was so called ori- 
ginally, because it was procured from green vitriol; 
now called sulphate of iron. 

Common oil of vitriol has strong acid properties. 

It is of an oily consistence, and has usually a brown 

tinge, from impurities. It is inodorous, and about 

twice as heavy as water. It is highly corrosive, 

UBting strongly on vegetable and animal substances. 

B' It attracts water very strongly, and cannot be 

^ eiitirelv separated from it by any known process. 

When exposed to the air, it attracts the watery 

vapour in the atmospliere, so as to increase rapidly 

in weight, which will be doubled in a month. If 

mixed with cold water, it suddenly becomes ex- 

iremcly hot, even more so than boiling water ; and 

on tliis account, when it is necessary to dilute it 

with water, this should bfe performed very gradually. 

Sulphuric acid is now made by burning sulphur 

mixed with nitre, in close chambers, entirely lined 
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with lead, on the floor of which a thin layer of 
water is put. The combustion of the nitre fur- 
nishes oxygen to the sulphur, and the sulphuric 
acid is condensed in the water. It is in this manner 
that the common oil of vitriol is made: but it then 
contains many impurities; when freed from these, 
it is colourless. 

If sulphuric acid be heated in contact with a 
combustible body, as charcoal or mercury, it loses 
part of its oxygen, and is then converted into sulphu- 
reous acid gas, which must be collected over mer- 
cury, as it is absorbable by water. 

CARBON. 

This elementary body is widely difiused througli- 
out nature. Common charcoal consists of it, mixed 
with a small quantity of foreign matter. The 
purest variety of charcoal is lamp black. 

Carbon exists as a constituent principle in all 
vegetable and animal matters, and remains fixed, 
after all the volatile parts have been carried oS, 
during the process of combustion. 

Charcoal is very nearly the same, from whatever 
it has been procured. It is always black and brittle, 
and exhibits the fibrous structure of the wood. It is 
not at all liable to change, and hence wood is some- 
times charred on the outside, when driven into the 
ground for piles, sind similar uses. 

The diamond, a substance so very different in 
appearance, has been found by experiment to be 
only crystallized carbon. Diamonds are found only 
in Asia and Brazil, and always in the alluvial soil. 
Diamond is the hardest body, and can only be cut 
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by its own powder. When found in the eartht 
I they are crystallized, but are usually rough, 
' having lost the angles of their crystals by attrition. 
' They may be cleaved or split, and are then cut 
with facets for jewellery. They are of various 
colours. The diamond was long thought to be an 
incombustible body, but it is now known to be 
capable oi' being burnti and by its union with oxy- 
gen, it forms carbonic acid. But although we know 
that diamond is only carbon, no attempts to crys* 
talUze carbon, and thus to make diamonds, have 
succeeded. Art cannot always imitate the pro- 
cesses of nature, even when the materials she has 
used are known. 
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Carbon and Oxygen. 

Carbon unites to oxygen in two proportions, AVe 
shall first consider the most common one : 

Carbonic Add. — If charcoal be bui'nt, it com- 
bines with the oxygen of the atmosphere, and 
thus forms an acid, which, however, cannot be 
condensed into the liquid form, but is always 
atrial. Carbonic acid exists in great abundance 
nature, combined with mineral bodies, chiefly 
ic. All limestones are formed of carbonic acid 
in a fixed state, united to lime. Hence this ga;t 
was at first called Jixed air, which name is still 
sometimes used. 

It may be procured from limestone or marble, 

the following manner: put a quantity of broken 

icces of marble or chalk into a retort, and add to 

it some sulphuric acid, diluted with six times its 

weight of water: a brisk etfervcscence will ensue, 
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and the carbonic acid gas vill be disengaged, an<l 

BftjrbecoUected in the pneumatic apparatus. Inthii 

|W0ces8 the sulphuric acid severs the lime, leaving 

the carbonic add free, which escapes in the gase> 

omforro. 

' Carbonic acid gas cannot support flame, as may 

be seen by plunging a lighted taper into a vessel 

of it: it will be instantly extinguished. 

" It is fiital to animal life : a small animal confined 

in it would die in a few minutes. 

its taste is sour: and it is capable of being ab- 
sorbed by water. Water so impregnated has an 
acidulous taste, and reddens vegetable blues. 
Many mineral waters owe their qualities to this gas, 
which is contained in them, and they may be imi- 
tated by impr^nating water with carbonic acid gas. 
Agitation and pressure promotes the absorption i 
and in this manner the artificial soda water is 
made. 

During the process of fermentation, this gas 
is disengaged, and tfeast is carbonic acid enveloped 
viscous subiitaiice. If a lighted candle be 
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This gas is often i'ound in the lower part of 

iverns, wells, mines, and other subterranean 

places. In mines it proves frequently fatal to the 

miners, who call it the choke damp. Wells, or 

similar places, which have been shut up for a long 

time, should never be entered without first putting 

down a lighted candle : if this is extinguished, it 

is not safe to go down. There are some caverns 

in which this gas is produced in so great a quantity, 

that it runs out at the opening, like a stream of 

I water: this is particularly the case with the cele- 

Fbrated Grotto del Cane. A dog is suflTocated 

if it be held for a short time in the lower part 

of the cavern, but the upper part is free from 

this gas. 

L Charcoal should never be burnt in rooms that 

I .have no chimney, because the red hot charcoal 

r unites with the oxygen of the atmosphere, and 

forms carbonic acid, which cannot escape. Some 

melancholy accidents have happened from this 

[ cause. This gjis has also been called viephitic air, 

"om its suffocating quality. 

Carbonic acid combines wttb all the alkalies, and 

rith the alkaline earths, lime, magnesia, barytes, 

knd strontia. With these it forms a class of salts, 

^Called carf>o?iates. 

Carbon does not combine with any of the metals 

I except iron. This combination is the rarburet aj 

JUron, called also plumbago and black lead ; which, 

i^owever, contains only five per cent, of iron. 

~ , is the substance used for making black lead 

wncils. 

■- Carbonic Oiidc. — This body is always gaseous. 

|It contains only half as much oxygen as carbonic 

:id does. It is void of taste and smell, and 

fatal to auimul lii'e. It is inflammable, burning 
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with ft Uue lambent flame, but does not explode 
wbeo mixed with atmoaphenc air. 'It is pro* 
cured by depriving carbonic acid of part ot* its 
- oxjgen. Tlua is efiected by exposing equal parts 
of fzhalk and filings of zinc to a gradual red heat« 
Bufiering the first product to esc^M, which is car- 
bonic acid gas. The zinc deprives tlie carbonic 
acid in the chalk of part of its oxygen. 



Carbon and Nitrogen. 

This combination is called cyanogen. It is a gas- 
eous body, having a penetrating and peculiar 
smelt, and burning with a purple flame. It red- 
dens vegetable blues. 

When cyanogen combines with hydn^n, it 
forms a triple compound, called hy^wyanic acid : 
this is also called Prutnc acid. Pnisnc acid is a 
liquid having a very pungent odour, like that of 
bitter almonds. It is extremely acrid, and highly 
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the dark at the common temperature of the atmo- 
sphere. 

To show this property in a striking manner, 
write witli a stick of it upon black or purple paper, 
or any other smooth surface ; the writing will be 
luminous as if on fire. The fiery appearance dis- 
appears and appears again by blowing upon it. It 
is necessary, in making this experiment, to cut the 
phosphorus under water, and to put it into a quill, 
in order to defend the hands, lest it should take 
fire i and great care ought to be taken lest any 
particle should be left under the nails, or in any 
other place, for if this were afterwards to take fire 
it might occasion very serious accidents, as a bum 
by it is extremely severe. 

Very slight friction is sufficient to inflame phos- 
phorus. Put a grain of it into brown paper and 
rub it with some hard body, and it will take fire 
and inflame the paper. It takes fire spontaneously, 
and burns rapidly in the open air at 122* Fahr., 
with a brUtiant flame. On this account, it is always 
kept under Vater ; and it should never be suffered 
to lie exposed to the air. 

Phosphorus is obtained by decomposing the 
phosphoric acid by means of charcoal in a retort. 
The oxygen of the acid unites to the carbon, form- 
ing carbonic acid ; and the phosphorus distils over 
into water. The phosphoric acid is obtained by 
decomposing calcined bones by sulphuric acid. 
Bones consist chiefly of phosphate of lime; and 
in this process the sulphuric acid joins to the lime, 
leaving the phosphoric acid free. 

Phosphorus is soluble in oil in small quantity, 
which is thus rendered luminous. Sulphuric and 

I nitric ether, and ardent spirit, dissolve it, though 
spaiingly, in the cold. 
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lorus unites with oxygen in two propor- 
tions, foiming phosphorous acidf which contains the 
lowest proportion of oxygen ; and phosphoric acid, 
which contains the greatest proportion. 

F)iosphoric acid may be made by the rapid com- 
bustion of phosphorus in oxygen ; but it is usually 
obtained from calcined bones, by decomposing 
them with sulphuric acid. 

Phosphorus has the property of de-oxidizing se- 
veral metallic solutions, as those of gold, silver, 
copper, mercury, lead, tin. If a stick of phospho- 
rus be left in a concentrated solution of nitrate of 
copper, the copper will be precipitated upon the 
phosphorus in a metallic state. 

It also combines with lime, forming phosphu^ 
ret qf Ume. When pieces of phosphuret of lime 
are dropt into water, flashes of fire are seen 
to rise out of the water, which is occasioned 
by the phosphuret decomposing the water, and 
part of the phosphorus uniting to the hydrogen 
gas, forming phosphuretted hydrogen gas, de- 
scribed before. 

The phosphurets of barytes and strontia have 
similar properties. 

Phosphorus combines with chlorine and with io- 
dine ; and also with sulphur and the metals. Its 
union with hydrogen has been already noticed as 
phosphuretted hydrogen gas. 

BORAX. 

This elementary substance is known only in 
the boracic acid, which consists of it united to 
oxygen. 
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Borftcic acid is rarely found native, but is gener- 
ally procured from the sait called boraJr, 

Borax is boracic acid united to soda, or a borate 
of soda. This is the Hncal brought from Asia puri- 
fied. It is found at the bottom of certain lakes in 
Thibet, and in China. The boracic acid has been 
decomposed but lately, when it yielded to the ap- 
plication of galvanic electricity by Sir H. Davy. 
Borax is in the form of a powder of an olive colour. 
It is combustible. 

Borax is much used as a flux in soldering metals, 
and also for such stones as caimot be brought into 
fusion by alkalies. 



This name has been given, pro\'i3ionally, to the 
supposed base of the fluoric acid, which is ima> 
gined to consist of fluoiine and hydrogen. 

ThcJ/uoric acid has hitherto resisted all the en- 
deavours that have been made to decompose it 
completely ; and its real nature, therefore, con- 
tinues uncertain. According to the present no- 
menclature, it is now sometimes called bt/drO' 
Jluoric acid. 

Fluoric acid is obtained by adding sulphuric 
acid to some pounded pure fluor spar, and ap- 
plying heat. 

Fluor spar is that mineral well known by the 
name of Derbyshire spar, because very abundant 
in that county. It is employed for making vases 
and other ornamental works. It consists of fluoric 
acid and lime, or, periiaps, calcium, the metal of 
lime, and is hence called also /liiat of lime. The 
sulphuric acid, having a stronger attraction for lime 
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than fluoric acid has, expels the latter and united 
itself to the lime. ' 

It appears, that before the researches of Gray 
Lusac and Thenard, the pure fluoric acid had ne- 
ver been procured ; what had been considered as 
fluoric acidy beings in fact, a different acid, the 
sUiceo^fiuoric acid. In their experiments^ the leaden 
receiver was cooled by ice, and the fluoric acid 
condensed into a liquid form. In this state it is 
the most caustic substance known, corroding the 
skin instantly, and causing dfmgerous sores. 

JBluoric a<cid combines with Isilica, and becomes 
with it a permanent acid gas, called the siliceo^^ 
oric add. This was formerly called Jluoric add 
gas. It has a pungent irritatiilg odour, will not 
support combustion, and forms white vapours when 
it comes^n contact with the air. It corrodes glass, 
and combines rapidly with water, forming the li- 
quid siliceo-fluoric add. This acid, formerly called 
the JluoriCf also acts on glass, and is very acid and 
corrosive. In the process for making it from 
fluor spar and sulphuric acid, a little silicious mat- 
ter generally existed in the spar, or glass vessels, 
that had been used ; and thus the siliceo-fluoric, and 
not the fluoric acid, had been obtained. 

Fluoric acid forms Jluates with the alkaUes and 
salifiable earths. 

It also unites to borax, forming an acid called 
the JluO'boric add. This does not act on glass, 
and is not so corrosive as fluoric acid. It gives rise 
to Jluo^borates. 

ALKALIES. 

> 

Alkalies are an important class of bodies. They 
have received this name because one of them, 
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sodOf was procured in great abundance from a 
plant called kali, by the Arabians. 

Alkalies have peculiar properties. They change 
blue vegetable colours to green, and yellow to 
reddish brown. They unite to oil and fat, forming 
soap ; thus rendering them miscible with water* 
They have an acrid and peculiar taste. They are 
caustic, or act powerfully upon animal substances. 
They combine with acids, forming with them a 
pecuUar class of salts in which the properties of 
the acid and alkali disappear. 

Until lately, only three alkalies were known, 
potash, soda, and ammonia. The two former 
were called the jixed^ the latter the volatile alkali. 
Their number is now increased by the addition of 
lithia. 

POTASH. 

Pbtash had long been known by the name of 
the vegetable alkali. 

It is procured from the ashes of burnt vegetables 
in the following manner. Dried vegetables are 
burned in heaps ; the ashes are collected and_ lix- 
iviated with water. Thus the potash in the ashes 
is dissolved, while the rest of the ashes is insoluble. 
The solution is poured off from the sediment, and 
evaporated : what remains is the potash of com- 
merce, which is of a grayish colour, and contains 
scmie impurities: these are separated by being 
heated in a furnace. It is thafi white, and is 
called pearlash. 

AU W)od ashes have in them more or less of this 
alkali, and hence they are a[^lied to the same 
purposes as potash, or pearlash. 



Sd POTASH. 

Potuh and pcarlash procured in this manner are 
combined with a certain proportion of carbonic 
add, but not ao much as to destroy completely its 
alkaline properties : hence it ia a sub-carbonate q/' 
potash. To free the alkali from the carbonic acid, 
another process is necessary. Twice its weight 
of quicklime is added to Uie pearlash, and the 
whole mixed with water. The carbonic acid 
having a stronger affinity to the lime than to the 
alkali, quits the latter, and forms carbonate of 
lime, which, being insoluble, falls down, while the 
purer alkali is kept in solution by the water, and 
is aAerwards separated by evs^ration. Sometimes 
it is still farther purified, if necessary, by mixing 
the whole with alkohol, which dissolves the pure 
alkali alone. The alkoholic solution ascends 
to the top of the fiuid, and is drawn off by dccant- 
ation. 

Potash, when thus prepared. Is a solid white 
substance, and is called cauttic potash, from its 
property of iMiroding the skin and flesh when it is 
applied to it : on this account it is frequently em- 
ployed by surgeons. 




Tlie fixed alkalies were, until lately, regarded as 
simple bodies, and one of the most brilliant disco* 
veries of modem chemistry has been that which 
showed them to be the oxides of peculiar metals. 

Tlie decomposition of the alkalies was effected 
hy means of voltaic electricity. By acting vipon a 
very small piece of caustic potash, the metallic base 
was liberated, and proved to be solid, malleable, and 
having a high metallic lustre resembling mercury. 
This new metal is called potamum. It diflers 
considerably in its properties from all the metals 
previously known. It is lighter than water, and 
has so strong an attraction for oxygen, that it almost 
instantly attracts it from the atmosphere and re- 
turns to the state of oxide. If thrown into water, 
it produces a very singular phenomenon ; it decom- 
poses the water so rapidly that an explosion takes 
place, accompanied by a flame- The same effect is 
seen if a globule of the metaJ is placed upon a 
piece of ice. This metal can only be preserved by 
keeping it under naphtha, a liquid that docs not 
^^ontain oxygen as one of its constituents. 
^L Potash combines with aU the acids forming neu- 
^ftal salts. 

^H Nitrate of potash, called also nitre, or saltpetre, 
^■l produced in considerable quantities naturally, 
^Barticularly in Kgypt. It has also been produced 
artificially by making beds of animal and vegetable 
Biibstances, mixed with calcareous and other earths. 
In process of time, an efflorescence of nitrate of 
potashrfppears, and is separated by lixiviation. By 
iho decomposition of these substances, nitrogen 
is disengaged, which, uniting to the oxygen of the 
atmosphere, forms nitric acid; and this uniting to 
the alkaJi furnislied by the vegetables and soil, pro- 

tcea the nitre. Nitrate of" potash has the property 
VOL. M. G 
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of detonating when inflamed with charcoal or 
other easily inflammable bodies. 

It is upon this property \h2X gunpowder is formed, 
which consists of five parts of nitrate of potash, one 
of charcoal, and one of sulphur. Chlorate of potash 
is formed by passing chlorine gas through a solu- 
tion of caustic potash. It is also called oxy^nm- 
riate qf potash. This salt detonates violently when 
three parts of it mixed with one of sulphur are tri- 
turated in a mortar, or struck on an anvil. With 
phosphorus the effect is still greater. It makes a 
powerful gunpowder when employed as an ingre- 
. dient. 

If a small quantity of it be mixed with some 
sugar, and sulphuric acid be added, a sudden and 
vehement inflammation will be produced. These 
experiments require great caution. 



SODA. 

This has also been called the Jbssil or mineral 
alkali, because supposed peculiar to the mineral 
kingdom. It is obtained chiefly from the ashes of 
marine plants ; all tlie fuci yield it in abundance ; 
when burnt, their ashes are called kelp, which con- 
tains a considerable proportion of this alkali. Ba^ 
rilla is the same, procured by burning a plant of 
that name in Spain. Soda is also found in large 
quantities in different parts of the earth, particu- 
. larly Egypt ; and common sea-salt consists of it 
united to muriatic acid. 

In all these cases, however, the soda is com- 
bined with carbonic acid. Of this there are two 
varieties, the carbonate, obtained by dissolving the 
soda of commerce and crystallizing it, and the W- 
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carbonate^ obtained by passing a stream of carbonic 
acid gas through a solution of the fonner. 

Soda and potash considerably resemble each 
other, but the former does not deliquesce so as to 
liquefy, as potash does ; its crystals, however, efflo- 
resce or fall to powder. It is used in the manufac- 
ture of soap and of glass. 

Soda,' also, like potash, consists of a metallic 
base united t oxygen. The metal is called sodium. 
It resembles potassium in most of its properties. 
It unites with chlorine, forming chloride qfpotas- 
Mem ; this is the common sea-salt so much used in 
food, and was, till lately, called muriate of soda. 

Common salt exists in immense quantities in na- 
ture, both in the form of a rock, as rock-^alt, which 
is dug out of the earth in a solid form, and also 
dissolved in the sea, from which it is obtained by 
evaporation. 

Common salt is decomposed by sulphuric acid. 
The sodium is converted into soda, by taking oxy- 
gen from the water of the sulphuric acid, and the 
chlorine combines with the hydrogen of the water 
tibus set free, and forms hydro-chloric acid gas^ 
which is the same with what has been called muri^ 
$tic acid gas. This gas, absorbed by water, forms 
muriatic acid. Hence, since muriatic acid was 
thus procured from sea-salt, it was supposed to 
exist in it, combined with soda, whence the name 
muriate of soda. 

Soda unites with all the acids, forming neutral 
salts, the most remarkable of which are the fol- 
lowing : — 

Sulphate qfsods^ called formerly GlaUber^s salts^ 
18 formed abundantly in the process for procuring 
the muriatic acid from common salt ; the sulphuric 
acid which is employed uniting to the soda. 
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Borate qfsoda^ or borax, and 

Phosphate qfsoda^ useful as a test. 

The fixed alkalies readily combine with oils, and 
thus form soap. Soap is soluble in water, and 
owes its detergent quality to the alkali contained in 
it. Alkali by itself would be too powerful, and 
would be apt to desti*oy the linen and other sub- 
stances to be cleaned. 

Soap when in solution is decomposed by acids, 
which unite with the alkali ; hence if an acid is 
contained in water, the soap curdles. Neutral 
salts formed by acids with bases of the earths pro- 
duce the same efiect. Hard waters are such as 
have earthy salts, and are unfit for washing ; soft 
water is that which is quite free from salts. 

Hard soap is made from soda rendered caustic 
by lime, and olive-oil, or tallow. Soft soap is com- 
posed of potash and whale-oil. 



LITHIA. 

This alkali was lately discovered by M. Arfvred- 
son, a Swedish chemist. It is found to be a con- 
stituent of ceitain stones, and has been met with 
in the petalite, spodumen, and lepidolite. It is of 
the class of fixed alkalies ; is soluble in water, has 
an acrid taste, and changes vegetable blues to 
green. It forms neutral salts with the acids. 

Lithia, like the other fixed alkalies, has been 
found by analysis to be the oxide of a peculiar 
metal, which has been called Lithium. Its decom- 
position has been effected by the voltaic pile, but 
the quantity of metal obtained has been extremely 
small. 
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AMMONIA. 

This substance is known also by the name of the 
volatile alkali. It is composed of nitrogen and 
hydrogen. In its purest form it is in the gaseous 
state. It is then called ammoniacal gas. 

Ammoniacal gas is procured by adding dry 
quicklime to muriate of ammonia, and exposing 
them in a retort to the heat of a lamp. The mu- 
riatic acid, having a stronger attraction for the lime 
than it has for the ammonia, leaves the latter, which 
is disengaged, in the state of gas. A pneumatic 
apparatus is necessary for this purpose, as this gas 
is rapidly absorbed by water. Aitimoniacal gas 
has a strong pungent smell, and suffocates animals 
immersed in it. It changes vegetable blues to 
green. If water be introduced into the apparatus, 
in contact with the gas, it absorbs it entirely, and 
acquires its peculiar smell: this is a solution of 
ammonia in water, and is called liquid ammonia. 

Ammonia exists as a constituent in animal 
bodies ; and it is obtained from bones, horns, &c. 

It is a valuable material in manufactures and 
medicine. Ammonia forms with the acids several 
valuable compounds. 

With carbonic acid it forms carbonate and ^ 
carbonate of ammonia. The carbonate may be 
obtained by mixing ammoniacal gas with carbonic 
acid gas over mercury. The two g^es immedi- 
ately combine and form a solid white body, which 
still retains some of the pungent smell of the am- 
monia. This is the common smelling salts. The 
bi-caibonate is procured by causing a current of 
carbonic acid gas to pass through liquid ammonia. 
It has no smell. 
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Muriate of ammonia was called sal ammoniac 
from its having been originally brought from the 
neighbourhood of the Temple of Jupiter Ammon. 
It is now abundantly prepared in this country by 
saturating carbonate of ammonia with sulphuric 
acid, which forms sulphate of ammonia : by de- 
composing this salt by muriate'of soda, muriate of 
ammonia and sulphate of soda are obtained. Sal 
ammoniac is employed in many procei^ses. 



. EARTHS. 

At the first view it would seem, from the vart 
variety of soib on the surface of the globe^ ao4 
the number of rocks and stony substances, that the 
differebt earths of which they are composed 
were innumerable : nevertheless, their number is 
very limited, and, by the mixture of these, the 
greatest part of mineral bodies is composed. 

The earths were formerly considered as ele- 
mentary substances, but late discoveries have 
shown that most of them are, like the alkalies, me- 
tallic oxides. It is found, however, more conve- 
nient still to consider them as a separate class. 

The earths are of two kinds : 

1. Those which have some of the properties of 
alkalies and which are called alkaline earths. 

2. Earths simply so called. 

The alkaline earths are, lime, magnesia, barytes, 
and strontia. They unite with acids forming com- 
pound salts as alkalies do : like them they change 
vegetable blues to green j they have a considerable 
degree of causticity and taste, and are soluble in 
water. 
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The rest of the earths are insipid, and are scarce- 
ly at all soluble in water, and have no action on 
vegetable colours. 



LIME. 

Lime is one of the most abundant substances in 
nature. It is the chief constituent in vast moun- 
tains and rocks; and is very generally distributed, 
mixed with other earths. Chalk, marble, calcare* 
ous spar, and all those rocks called lime-stones, con- 
sist of it. 

In these substances, however, the lime is not 
pure or uncombined. It exists in them united to 
carbonic acid, constituting carbonate of lime. 

To obtain pure lime, these stones are ej^posed 
to a white heat, by which the carbonic acid is 
driven off in the gaseous state. This is called the 
burning of lime. The stone so treated is then 
called quicklime ; or, in chemical language, properly 
lime. 

Quicklime, or pure lime, is white; has a hot 
acrid taste, and is caustic, or corrodes the skin. It 
changes vegetable blues to green. 

Until the discovery of the bases of the alkalies by 
Sir Humphry Davy, lime, as well as all the other 
earths, was considered as an elementary substance ; 
but it has been ascertained to be the oxide of a 
metal to which the name of calcium has been given. 
From the extreme difficulty, however, in reducing 
lime to this state, the properties of calcium are but 
little known. It is white and solid, resembling 
silver, and soon returns to the state of oxide or 
lime by attracting oxygen from the air. 

When water is thrown on quicklime just burnt, 
it swells, bursts, and falls to powder; giving out, at 
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the same time, much steam and heat This is called 
the slaking qfUme. In this process, the water unites 
to the lime, and becomes solid ; for slaked lime is 
quite dry. It is, therefore, called a hydrate of 
Ume. 

Lime is soluble in water : the solution has an 
acrid taste, and is called lime-water. When lime- 
water is exposed to the air, a stony film forms upon 
the surface, owing to the lime attracting carbonic 
acid, and returning to the state of carbonate, which 
is insoluble in water. This film breaks, falls down, 
and is succeeded by others in succession. Fresh 
quicklime has a strong tendency to attract mois- 
ture from the air, and also carbonic acid, so that it 
must be kept in closely-stopped vessels- 
Quicklime is used for making mortar for build- 
ing, by mixing it with sand. This, by solidifying 
the water and attracting carbonic acid, becomes a 
very hard substance like stone. The lime should 
be newly burnt, and the sand silicious and free from 
impurities. It is also extremely valuable as a ma- 
nure when put upon the land. 

Carbonate of lime is not caustic, nor soluble in 
water. It is decomposed by the stronger acids. 
Put chalk or marble into a vessel, and pour upon it 
diluted sulphuric or muriatic acidj an efferves- 
cence will ensue, which is owing to the escape of 
the carbonic acid. Hence these acids are em- 
ployed to distinguish lime-stones. 

Lime combines with phosphorus, forming phos- 
pJiuret of limey to be afterwards described. With 
sulphur it forms sulphuret of lime. 

It also combines with all the acids, forming a 
great number of neutral salts. 

Sulphate oflime^ called ^Xsogypsumy exists largely 
in a natural state. When burnt, it forms the sub- 
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stance called plaster ofPariSj so much employed 
in making casts of statues, and in plastering 
rooms. 

Fluate qflime^ or lime united to the fluoric acid, 
is the substance so well known by the name of Der- 
byshire spar, and which is much used for vases and 
other ornaments. 

Nitrate qf lime is a very soluble salt ; its taste is 
acrid and bitter. It is often found efflorescing on 
old plaster walls. 

MAGNESIA. 

Tliis earth, when pure, is white, nearly destitute of 
taste and has no smell. It is insoluble in water, but 
changes vegetable blues to green, and unites to the 
acids. It is conjectured to be composed of a me- 
tallic base, magnesium^ united to oxygen ; but the 
metal has not yet been distinctly obtained. 

Native magnesia is a rare substance, but it en- 
ters as a constituent in many rocks, as serpentine, 
steatite, &c. 

Carbonate of magnesia is extensively employed 
as a medicine. When a red heat is applied to it 
it loses its carbonic acid, and becomes calcined 
magnesia. 

Sulphate of magnesia is known by the name of 
Epsom salt, because formerly procured from the 
springs of Epsom, in Surrey. 

BARYTES. 

This earth was formerly called terra ponderosa^ 
from its great specific gravity. ' It has strong alka- 
line properties, a caustic taste, and changes vege- 
table blues to green. * 



90 STRONTIA. -— SILICA. 

It slidces in the air like lime, is soluble iii water, 
and also in alkohbl, the flame of which it causes 
to assume a yellow colour. It is a deadly poison. 
It is also found to consist of oxygen and a metallic 
base called barium. 

Carbonate qfbarytes is found as a mineral, but it 
is not abundant. 

Sulphate qf barytes is found native more fre- 
quenUy. When calcined, it forms the Bohgnian 
phosphorus. 

Barjrtes is used as a white paint under the name 
of permanent wfiite, not being liable to change its 
colour. 

STRONTIA. 

The name of this earth is derived from Strontian, 
in Argyllshire, in Scotland, where it was first dis-: 
covered by Dr. Hope. 

It is soluble in water, and changes v^etable 
blues to green. 

It is also considered to be the oxide of a metal 
called strontium. 

Strontia is not very abundant, and is always in 
nature found combined with the carbonic or sul- 
phuric acids. 

The other salts of strontia are but little known. 
All the salts of Strontia have the property of tinge- 
ing the flame of alkohol red. 

SILICA. 

This earth, which forms a large portion of the 
surface of the earth, exists nearly pure in flint and 
rock-crystal : hence it has been called the earth of 
flints. 

It may be obtained pure ^s follows : calcine 
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gun-flints till th^y bec(Mne brittle^ than pulverize 
them. Mix this powder with three or four times its 
weight of carbonate of potash, and fuse the mixture 
in a crucible, by a strong red heat. We shall thus 
obtain a compound of alkali and siliceous earth : 
dissolve it in water, and add to it diluted muriatic 
or sulphuric acid ; a precipitation will take place» 
which, when well washed, is pure siiex. 

Siliceous earth, when pure, is white and tasteless. 
It is infusible by itself, and insoluble in water. It 
has a harsh feel, and does not form a cohesive mass 
with water. 

No acid can act upon it, except the hydro- 
fluoric, which dissolves it When mixed with an 
equal weight of carbonate of potash, and fused in a 
strong furnace, it forms glass. With a larger pro* 
portion of alkalt it forms a substance soluble in 
water, which has been called silicated alkali. The 
solution of this was called Uqtwr (^JUnts. The sile^ 
is precipitated from it in the state of a gelatinou3 
hydrate by acids. 

It is supposed that silica consists of oxygen 
united to a certain base, which has been assumed 
to be a metallic substance, and which has been 
called Silicium : but its real nature has not been 
ascertained. It is imagined, however, that silicium 
forms an alloy with iron, and that the properties of 
some sorts of iron are owing to the addition of this 
substance. 

ALUMINA. 

This earth forms a part of all clays, and henc^ has 
been called argiUaceous earth. It exists also in nu- 
merous rocks, particularly slate, and even consti- 
tutes some of .the hardest gems and stones, as the 
sapphire, ruby, and corundum. 
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It rarely occurs in a pure uninLxed state. But it 
has been found native, in small masses, at New- 
haven, in Sussex, and also in Hall, in Saxony. 

Clay consists of thb earth, joined to silex. Por- 
celain clay proceeds from the decomposition of 
felspar ; it consists of silica, alumina, and some- 
times a little lime and potash. Pipe-clay, and 
potters-clay are pure clays, but of variable coni- 
position. 

Alumina has no smell nor taste ; is insoluble in 
water, but forms with it a ductile paste, and shrinkii 
much when exposed to beat It is dissolved by 
the liquid fixed alkalies, and unites chemically with 
barytes, strontia, liroe^ and magnesia. It is dis- 
solved by most of the acids. 

The rait called ahtm, which gives its name to 
this earth, is a sulphate of alumina and potash. 
Sulphate of alumina alone will not crystallize ; but 
when sulphate of potash is added, octahedral cr)-stals 
of alum are produced. When alum is exposed tu 
heat, it loses part of the acid and water of cr}-stal- 
tization, becomes li^t and spongy, and is called 
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which have a sweetish taste. Its specific gravity is 
greater than that of any other earth. The base of 
yttria has been supposed to be a metallic substance, 
which would receive the name of yttrium ; but it 
has never been exhibited in a separate state. Yttria 
contains oxygen, and hence been inferred to be a 
metallic oxide. 

GLUCINA. 

GlucinOj or Glucine^ is an earth which has been 
procured only from the beryl, the emerald, and the 
euclase. 

It derives its name from its forming salts which 
have a sweetish taste. It has no taste nor smell, is 
infusible by heat, but dissolves in the acids, and 
pure alkalies. It is insoluble in water. It is also 
supposed to be a metallic oxide. 

ZIRCONIA. 

Zirconia is a very rare earth, found as yet only 
in the zircon or jargon of Ceylon, and the hyacinth. 
It is void of taste or smell ; is insoluble in water 
and pure alkalies ; but is soluble in alkaline car- 
bonates. Its base is supposed to be metallic. 

THORINA. 

This is another very rare earth, discovered by 
Berzelius, who extracted it from a species of gado- 
linite. It absorbs carbonic acid, and dissolves 
readily in acids. It is not soluble by the pure 
alkalies, but slightly so by the alkaline carbonates. 
It is supposed to be the oxide of a metal. 
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m 

We come now to treat of the last division of the 
metallic substances ; those which, remaining in the 
air in the metalUc state, have received the name 
particularly of metals. 

Those metals whose combinations with oxygen 
form alkalies, as potassium, sodium, and lithium, as 
also those whose oxides form earths, as calcium, 
magnesium, barium, strontium, silicium, alumium, 
yttrium, glucinum, zirconium, and thorinum, have 
been already mentioned incidentally, in speaking of 
the alkalies and earths to which they give rise. But 
we shall now enumerate the general properties of 
this important class of bodies, including the above 
mentioned. 

Tlie metals are distinguished from all other sub- 
stances by certain propjsrties, particularly a pecu- 
liar lustre ; and most of them have great w^eight, or 
specific gravity. 

Several of them have been known to part of the 
world in very ancient times, while some savages in 
the present day are totally unacquainted with their 
use : but a considerable number of the metallic sub- 
stances have been discovered only lately. The 
metals are so important in many mechanic arts, 
that mankind could never have attained their pre- 
sent state of civilisation without them. 

Metals are, in general, solid bodies at the usual 
temperature : one only, mercury, is fluid. 

They are opaque in the mass in its usual state ; 
but gold, when beat into very thin leaves, transmits 
a faint greenish light, when held' between the eye 
and the direct rays of the sun. 
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The lustre by which they are distinguished, 
called the metallic bistre^ is not easily described, but 
may be exemplified in that of silver, steel, lead, tin, 
&c., as distinguished from that of glass, diamond, 
&c. Mica has a lustre which approaches that 
called the metallic, but it loses this on being 
scratched, while the metals do not ; on the coiv 
trary, they are more brilliant when fresh cut. This 
property of the metals renders them highly useful 
for ornamental purposes, and for reflecting light, 
as in mirrors. ^ 

Metals are the best conductors of heat, and also 
of electricity. 

Some of the metals are capable of being extended 
under the blows of a hammer, which property 
is called malleability , and is peculiar to metals. 
Others, again, are brittle, on which account tliey 
were formerly called semi-metals. The malleable 
metals are, gold, platina, silver, palladium, potas- 
sium, sodium, mercury in^ its frozen state, copper, 
iron, lead, tin, zinc, and nickel. These differ 
much in their degrees of malleability. Gold may 
be beat into the thinnest leaves, and zinc is very 
little maUeable, except when heated. The malle- 
able metals are also ductile, or may be drawn out 
into wire. Gold and platina may be drawn into 
the finest wire. 

One of the metals, iron, is capable of being 
made very elastic^ which renders it fit for making 
springs* 

Most of the metals are very fusible, or capable of 
being rendered fluid by the application of heat; 
CD this account they may be cast into moulds, and 
fonned into various utensils: some of the metals 
are volatile at a high degree of heat. 

None of them are very hard naturally ; but some 
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of them may be hardened by art : thus the modems* 
make cutting instruments of iron and steel, and 
the ancients made them of ^ combination of cop- 
per and tin. 

. All the metals are capable of combining with 
oxygen, and thus forming oxides ; but they differ 
very much in the readiness with which they com- 
bine with it, which occasions their division into 
several classes. 

The oxides of metab have none of the metallic 
brilliancy, and no malleability : their appearance 
and nature are totally different from that of the 
metals themselves. 

The oxides of some metals, as potassium and so- 
dium, are alcaline ; others are acid, constituting the 
metallic acids : the rest have neither acid nor alca- 
line properties, but are, as well as others, capable 
of being dissolved by the acids, thus forming salts. 

Some of the metals attract oxygen so strongly, 
that they become oxidized almost immediately in 
the open air, and even take oxygen from all its 
combinations, so that they are, with great difficulty, 
preserved in the metallic state ; of this nature are 
metals that produce the alkalies and earths, which 
can only be kept in pure bitumen called naphtha, 
which has no oxygen in its composition. 

Some of the metals do not experience any 
change on being kept in fusion by a strong heat 
with an access of air ; but others are by this means 
converted into oxides. The first have been called 
perfect metals j and comprehend gold, platina, sil- 
ver, and palladium. The rest differ very much in 
the degree of heat necessary to oxidize them. 
Arsenic, manganese, and the bases of the earths 
and alkaUes become oxides at the usual temperature 
of the atmosphere, even when perfectly dry. Lead 
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anil copper are oxitlizetl slowly Ly moist air. Iron, 
iiinc, copper, tiu, &c., require to be heated to red- 
ness. Although the perfect metais cannot be 
oxidized by any degree of ordinary beat, they may 
by the effect of electricity and galvatiisin. All tlie 
metals, that are converted into oxides by atmo- 
spheric air, undergo this change still more rapidly 
in oxygen gas, as was shown in the burning of iron 
wire in oxygen. 

Metals are also converted into oxides by the ac- 
tion of acids, but in different manners. Some acids 
which contain oxygen loosely combined part With 
it to the metal ; while others, a.s the sulphuric and 
muriatic acids, do not act upon iron or zinc, except 
they are diluted with water, and then it is the wa- 
ter, and not the acid, which supplies the oxygen. 

Metals cannot be made to combine with all pro- 
portions of oxygen, but arc susceptible only of cer- 
tain degrees or stages of oxidation. Thus iron has 
only two oxides ; the black oxide composed of 29.5 
parts of oxygen, and 100 parts metal j and the 
red oxide of ^.5 parts of oxygen, and 100 paits of 
metai : and there are no intermediate degrees of 
oxidation, nor will iron combine with a larger or 
smaller proportion of oxygen. Metals differ in the 
number of oxides which they form : thus some 
have two, some three, and others four oxides: 
and, according to the law of the atomic theory, 
the different oxides of the same metal contain oxy- 
gen in proportions that are simple multiples of each 
other. 

The different oxides of the same metals have dif- 
ferent colours, wliich render them very valuable as 
pigments. They have also distinct chemical pro- 
perties, and combine, in different proportions, with 
the acids, fonning distinct salts. 
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All the metals are considered as 6itti|ile tiodies, 
none having been decomposed or resolved into 
other principles ; ialso, at one time, they were sup- 
posed to be formed of a peculiar basis and im ima- 
^nary inflammable principle called phlogiston. 
This -theorjr was very favourable to the idea of 
fbrming metals, and transmuting or changing them 
into each other. The existence of phlogiston is no 
longer believed in, and the science of alchemy is 
only remembered as affording an instance of the 
dangers Of false theori^, and of the great credulity 
of persons in many respects well informed. 

The oxide of a metal was formerly called a caLc^ 
and its conversion was supposed to be owing to the 
loss of ihe phlogiston ; but it was observed that 
the metal gained instead of losing weight by this 
change ; in fact, it acquires just the weight of the 
oxygen it combines with. When the oxides of me- 
tals are made to part with their oxygen, hey are 
reduced 16 the metallic state, and upon this 
depends the art of reducing metals from their 
ores. 

PLATINA. 

This metal was unknown in Europe before 1748, 
and is still chiefly found in South America : it has 
been also found in Estremedura, in Old Spain. 

In colour it is nearly as white as silver. It is 
very difficult of fusion, and can only be melted by 
the assistance of oxygen gas or by galvanic elec- 
tricity. From its refractory quality, it is employed 
for crucibles and other chemical utensils exposed 
to heat, for which it is admirably adapted. 

It is also extremely ductile and malleable, and 
may be drawn into very thin wire, and hammered 
into thin plates. 
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Platina does not tarnish on exposure to the at- 
mosphere, and takes an excellent polish, on which 
account it h used in making specula for telescopes. 
It is also capable of being welded, a property only 
possessed by it and iron. It is the heaviest of the 
metals ; its specific gravity being nearly 22. 

Platina is readily dissolved by the nitro-muri- 
atic acid and by chlorine, but is not acted upon 
by any other acid. It also combines with sulphur 
and phosphorus. 

Platina is brought to Europe in small flattened 
grains, which, however, are not pure platina, but 
contain a mixture also of nine other metals. Four 
metals, osmium, iridiwn, rhodiwii, and palladium, 
were unknown till they were discovered in these 
grains. 

GOLD. 

Gold is found in nature in a metallic state. It 
is generally met with in grains caWed , gold'dust, 
mixed with the sands of rivers, either being carried 
away by them from the rocks which contain it, or 
having been deposited in ancient alluvium. It is 
chiefly found in Africa, also in Brazil and Peru. 
There are mines of it also in Hungary'; and it is 
met with in quantities too small to be worth work- 
ing, in the sands of many rivers of Europe. 

Lately some was found in the county of Wick- 
low, in Ireland ; one grain weighed @'2 ounces, and 
considerable expectations were formed ; but, not- 
withstanding, the works were abandoned as unpro- 
ductive. 

Gold is tbe heaviest of the metals except platina. 
It is of a rich yellow colour, and not very liard 
when pure. 
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It melts at a bright red heat, but cannot be oxi- 
dated by jmy furnace, though it may by electricity 
and galvanism. It does not oxidate in the air ; 
jience it is so useful in gilding, its beautiful lustre 
remaining untarnished. 

It is the most ductile and malleable of the me- 
talsi and may be drawn into the finest wire for gold- 
lace and other purposes, and may also be hammered 
into leaves of extreme thinness for gilding. 

Gold is not acted on by any acid except the 
nitro-muriatic acid and chlorine. From this pro- 
perty 4he former was named aqtia'regia, gold being 
called by the alchemists the king of the metals. 

The solution of gold, called muriate of gold, yields 
by evs^poration crystals of a beautiful yellow co- 
lour, which, when dissolved in water and precipi- 
tated by a solution of tin, afford the beautiful pow- 
der called the purple precipitate qfcassius, much 
used in enamelUng. This consists of oxide of gold 
mixed with oxide of tin. 

If any substance, as a piece of ribband, be dipped 
into the muriate of gold, and then exposed to a 
stream of hydrogen gas, the gold will be revived^ 
and the substance covered with it. Some com- 
bustible bodies attract the oxygen from the solu- 
tion of gold, and cause it re-appear in its metallic 
state. Thus, if a piece of charcoal be put into a 
glass-jar containing a diluted solution of gold, and 
exposed to the direct rays of the sun, it will soon 
appear gilt. When ammonia is added to a solution 
of gold, a yellow precipitate is formed, called JiiU 
mifiating gold^ because it has the property of ex- 
ploding when exposed to heat. 

If toasolution of muriate of gold, sulphuric ether 
be added, the gold will combine with the ether, 
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leaving the add, and will float on the surface of the 
fluid. If polished steel be dipped intio this, it will 
be covered with a coating of metallic gold. This 
process is employed for gilding lancet^ and other 
surgical instruments, to defend them from rust. 

Gold easily alloys with mercury, which is, there- 
fore, much employed for extracting it from the 
substances with which it is mixed in its natural 
state. The mercury, being volatile, is driven off 
by heat, and 'the gold remains free. 

Gold in its purest state is too sofl to be used as 
coin ; it is, therefore, alloyed with ii of copper. 
Jeweller's gold generally contains considerably 
more. 

Gold seems to have been one of the earliest 
known of the metals. The ancients were lavish 
in its use, and it is still frequently used in oma«^ 
ments among savage tribes.. 

SILVER. 

Silver is often found native, or in the metallic 
state, but it is most usually combined with other 
metals, or sulphur. In its native state it fre- 
quently assumes an arborescent form. The richest 
silver mines are in Mexico and Peru ; but others 
exist in many countries. Lead ore very frequently 
contains a quantity of silver, and sometimes it is 
worth extracting. 

Silver is of a brilliant white colour. It is very 
ductile and maUeable ; may be drawn into fine 
wire, and beaten into thin leaves ; but it is inferior 
to gold in these qualities. 

Silver fuses when heated red hot, and may be cast 
into moulds, but is not thus converted into oxide 
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by any continuance of heat: it is oxidized by 
CommoD and galvanic electricity. 

It is Adt oxidized by the air ; but it is tarnished 
by exposure^ because the sulphurous vapours form 
with the metal. a sulphuret of silver. . 

Chdde of silver is of a dark dive colour, and is 
obtained by precipitating it from the. nitrate of 
kilver by lime-water^ this metal being soluble in 
the nitric acid# 

Nitric acid can dissolve more than half its weight 
of silver^ the solution depositing crystals. When 
these are fused by H gentle heat, they may be 
poured into moulds, and form the substance called 
bmar caustic^ used in surgery. 

Nitrate of silver is used by chemists as a test for 
muriatic acid; for if it be dropped into any 
liquid containing muriatic acid, a white precipU 
tate will appear, owing to the superior affinity of 
silver to muriatic acid, and to the insolubility of 
muriate of silver. Nitrate of silver Is very caustic, 
staining animal and vegetable substances of a 
black colour, and hence it is employed as a per- 
manent marking ink for linen, and also for staining 
hair ; though for this last purpose it should be used 
with great caution, and much diluted. 

If a few drops of the nitrate of silver be put 
upon a piece of glass, and a copper wire be placed 
in it, a beautiful metallic precipitation of the silver 
will appear in an arborescent form. 

When silver is precipitated from its solution in 
nitric acid by ammonia, it forms Juhninating silver^ 
which is a dangerous preparation ; for it explodes 
by the slight contact of a body. 

When mercury is added to the nitric solution of 
silver, a precipitation of metallic silver is formed 
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resembling in appearance a vegetation, and called 
arbor Diana: 

Silver is not soluble in the hydro-chloric acid 
(muriatic acid), yet, when this acid is added to a 
solution of nitrate of silver, it unites to the oxide, 
and a white curdy precipiUite falls down, which 
is tiie muriate i>/'stlver, or, in conformity with the 
new nomenclature, Uie chloride of silver. Iftiiis 
precipitate be fused by a gentle heat, a semi-trans- 
parent mass is formed, called ibrmerly luna cornea^ 
or horn silver, the Jitsed muriate qf'silver. 

Silver is also dissolved by the sulphuric acid, and 
die sulphate r/* sih^er is used as a cliemical tesU 
Silver also unites to sulphur and phosphorus. 

Silver, when employed for coin is alloyed with 
copper to increase its hardness. Our coin con- 

I tains thirty-seven paits silver and three part» 
copper. 
\ MERCURY. 

This metal, called also quicksilver, is always fluid 
when in the usual temperature of the atmosphere ; 
but when exposed to an intense degree of cold, it 
is frozen into a solid mass, and is then malleable. 
The temperature necessary for this purpose is Sf)". 
The cold is sometimes so great within the polar 
circle as to I'reeze the mercury in the thermometer ; 
but in this country that can only be effected by 
exposing it to a freezing mixture. 

Mercury also boils al 655^, and then evaporates, 
and may be distilled from one vessel to another. 

It is sometimes found in nature in a pure state, 
but usually it is united to sulphur, with which it 
H 4 
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forms the ore called cinnabar. The greatest quan- 
tity of it is found in Spain and South America. 

When acted on by heat and air for a long time, 
it absorbs oxygen, and is converted into a red 
oxide called formerly precipitate per se : and when 
the beat is increased, the oxygen is given out, and 
the mercury re-assumes its metallic appearance. 
When it is agitated long in air, it is converted into 
the black oxide^ which contains a smaller propor- 
tion of oxygen than the red oxide. It is the black 
oxide which is employed in mercurial ointment. 
Mercury is acted on by the acids, forming salts of 
mercury. It also unites to chlorine (oxymuriatic 
acid,) in two proportions, forming calomel and cor^ 
roshoe sublimate. 

Mercury when triturated with sulphur, com- 
bines readily into a black compound called ethiops 
mineral; when united to a larger proportion of 
sulphur, it forms the beautiful pigment called 
cinnabar. 

Mercury combines with several of the metals, 
forming soft alloys called amalgams. The amal- 
gam with tin is used for mirrors : that with zinc is 
employed in electrical machines. ' 



IRON. 

No metal is so universally diffused throughout 
nature as iron. It is never found in the earth in 
the metallic state, but is always procured from 
ores. 

Iron is of a bluish-grey colour. It is very duc- 
tile, for it may be drawn into wire as fine as 
human hair. It is also very malleable, and pos- 
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sesses the property of being welded; that is, of 
having two separate pieces united together by 
hammering when red hot It is one of the most 
infusible of the metals, but may by intense heat be 
melted and run into moulds. It is in its pure state 
among the hardest of the metals, but may be made 
to exceed all the rest in hardness when converted 
into steel 

It possesses the magnetic property, the load-^ 
stone itself being an ore of iron* 

Exposed to the action of the air and moisture, 
iron soon rusts or oxidates. It then attracts the 
oxygen and carbonic acid, and is changed into a 
reddish brown substance, which is a mixture of 
oxide of iron and carbonate of iron. 

Iron unites to oxygen in two proportions. The 
protoxide of iron consists of one hundred parts of 
iron, and twenty-nine parts oxygen ; it is of a 
black colour ; hence it is called the hlack oxide qf 
iron^ formerly martial ethiops. It is formed when 
iron is heated red hot ; scales form on the outside, 
which fly off when hammered. It is magnetic. 

The peroxide is red, and consists of one hundred 

parts iron, and forty-three oxygen ; it is called the 

red oxide qfirofn. The red oxide is formed by 

keeping iron filings red hot in an open vessel, and 

agitating them constantly till th<^y are converted 

into a dark red powder, formerly called saffron of 
Mars. 

Iron is acted on by all the acids, and various 
salts of iron are formed : the most remarkable are 
the following :— - 

Sulphate qf iron, formerly called copperas or 
green vitrioL 

Nitrate qf iron, and acetite of iron, used in 
dying. 



106 iBOsr. 

Ferro-prussiate qfirotif called prussian blue^ used 
as a pigment.' 

Iron also combines with sulphur, phosphorus, 
carbon, chlorine, and iodine. 

Sulphuret qfiron, composed of sulphur and iron, 
is called also ^rife^. Iron with carbon forms plum- 
bago, commonly called black-kadf used for making 
pencils. Steel is another compound of iron with 
carbon. 

The ores of iron consist either of the black ox- 
ide, which is called the magnetic iron ore, the red 
oxide or the red iron ore, carbonate qf iron, and 
clay ironMone. 

The iron is separated from these ores by smelting 
in furnaces, where it is made to flow out into va- 
rious moulds made in a kind of loam. The first pro- 
duct is called cast iron. It contains some carbon 
and oxygen ; and, it is thought^ also silicium, besides 
casual impurities^ Qf this, cannon, pipes, gratesy 
and other articles of cast iron are made. It is of 
two kinds : white cast-iron is very brittle { grey cast 
iron is less brittle, though not malleable, but may 
be bored and turned in the l^the. 

To render iron malleable it must be freed from 
those substances with which it is combined in the 
crude state. To effect this, it is kept in fusion in 
a furnace exposed to air and flame, and well stired. 
The oxygen combines with the carbon, and escapes 
in the form of carbonic acid gas ; and the earthy 
matter is vitrified, and rises to the surface as slag. 
It is then subjected to the. action of large hammers 
and rollers, by which the remainder of the impuri- 
ties is forced out. It then constitutes bar iron, 
also called wrought iron, fit for manufacturing. 

Wrought iron is of a fibrous structure, and is the 
metal in a pure state. It is now extremely nialle* 
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&re» soft, and easily filetl, and also capable of 
being forged and welded. There are several va- 
rieties of iron in this state, arising from the ores 
from which they were procured, the process of 
Btnelting, or the intennbiture of foreign substances. 

One variety is called hot short iron ; it is ex- 
tremely ductile when cold, and on this account a 
employed for making wire ; but when heated it is 
extremely brittle : it is also fusible. Cold short 
iron, on the contrary, is highly ductile when hot, but 
brittle when cold. The causes of these qualities 
are not precisely known, but it is said that the first 
is iron combined with arsenic, and that the latter 
contains phosphoric acid. 

Iron is capable of being reduced to a third state, 
which is that of steel. It is converted into steel, 
by exposing it to heat in contact with carbonaceous 
substances, which unite themselves with it. Steel 
is, therefore, iron united to carbon, and is made by 
three processes. 

Natural steel is made by keeping cast iron in a 
state of fusion in a furnace, its surface being all 
the while covered deep with scoria; ; part of the 
carbonic acid gas escapes, while anotlier part cora- 
Innes with the iron. This steel is inferior to the 
other kinds. 

Steel of cementation is made by placing bars of 
iron in charcoal powder, and exposing them to a 
strong heat in a tiirnace for six or eight days. 
The iron and the carbon thus combined constitute 
what is here called blistered steel. When this is 
rendered more malleable by the operation of the 
hammer, it is called sheer steel. 

Cast steel is made by fusing blistered steel with 
pounded glass and charcoal powder, in a close cru- 
cible. It 13 also made merely by fusing iron with 



carbonate of Ume. This is the most useful of all (he 
kinds of steel, and employed lor razors, surgeons' 
instruments, and ^milar purposes ; its grain is the 
most compact, and it takes the highest polish. 

It is the particular property of steel to become 
extremely hard, if it be heated red hot, and then 
suddenly plunged ioto cold water ; but difTercnt 
instruments made of steel require to be of different 
degrees of hardness ; and they arc, therefore, sub- 
jected to a process called tempering, which is licat* 
ing them again to a certain point ailcr having been 
hardened. Tlie tempering of steel, for some pur< 
poBcs, is a delicate process. 

A pohshed bit of steel, when heated with access 
of'air, acquires very beautiful colours. It first lic- 
comes of a pale yellow, then of a deeper yellow, 
next reddish, then deep blue, and at last bright 
blue. At this period it becomes red hot, and the 
colours disappear: at the sune time the metallic 
scales, or the black imperfect oxide of iron which is 
formed, incnists its surface. AH these different 
shades of" colour indicate the different tenn>cr-< tin? 
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COPPER. 

Copper is sometimes found native* but in very 
small quantities. It is generally met with in the 
state of oxide, or united to sulphur, or to acid». 
In Cornwall there are very rich mines of copper. 

Pure copper is of a red colour, very tenacious, 
ductile, and malleable. It melts a( 27 of Wedge- 
wood's pyrometer, and bums with a green flame. 

It is not oxided by water. AVhen exposed to a 
red heat, it becomes covered with a crust of oxide 
of a blackish colour, this is the peroaide of copper. 
The first, or protojcide^ is of a red colour when 
found native,but when formed artificially is orange^ 

The oxides of copper are reduced to the metal- 
lic state by heating with charcoal or oils. 

The nitric acid disolves copper with 'efferves- 
cence, and the solution has a blue colour* The 
acid first oxidates the metal, a large quantity of 
nitric oxide (nitrous gas), is disengaged, and the 
oxide dissolves ; this forms the nitrate qf copper. 

The sulphuric acid does not dissolve copper un- 
less when concentrated, and in a boiling state. 
Kne blue crystals, which are the sulphate of copper^ 
are the result. This is what is commonly called 
blue vitriol. This salt is decomposed by iron ; for 
if a piece of iron be immersed in a solution of sul- 
phate of copper, the copper will be precipitated 
upon the iron. This process is often employed for 
procuring the copper from the water in copper 
mines, which has in it a large portion of sulphate 
of copper. 

The muriatic acid does not act upon copper ex- 
cept in H state of ebullition, and then the muriate 
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of copper is formed, which is of a green colour, and 
of an astringent taste. A solution of it is used as 
a sympathetic ink ; for letters written with it will 
become yellow by warming, and will disappear 
again when cooL 

Tbe acetous acid in a sufficient degree of con- 
centcation diwdves copper, but when not concen- 
trated, as in vinegar, it acts upon it veiy slowly, and 
forms commcm verdigriSf which is an impure 
acetate of copper. This being dissolved in distilled 
vin^ar, and subjected, to evaporation, crystals are 
produced which constitute what is called distilled 
verdigris. 

. Copper is employed in making kitchen utensils ) 
but as these vessels are liable to be corroded by 
the adds and fatty substances used in culinary 
preparations, they often become dangerous, as all 
the salts of copper are poisonous. Culinary utensils 
of copper should always be well tinned, but those 
of iron tinned are safer, as iron has no poisonous 
quality. The alloys of copper with other metals 
are very useful. 

Tombac is formed of copper, arsenic, and tin. 

Princess tnetalj or Pinchbeck^ is made of copper 
and zinc. 

Brass is also formed of another proportion of 
copper and zinc. 

Bronze is made of copper and tin. 

BelUnetal is also of copper and tin, but with 
more tin than the latter alloy. 

A solder for silver is made of copper and 
silver. 



TIN. 
I metal ofa colour approaching t 
silver, but somewhat tluUer. It is extremely malle- 
able. When hammered intx) leaves it constitulea 
tin-foil. It is not, however, very ductile. It is 
nearly as soft as lead, and may be easily bent, and 
tlien emits a crackling noise, which is peculiar to it. 

Tm fuses more easily than any other metal : 
when it has been kept some time in a state of 
&sion, with access of air, its surface becomes 
wrinkled and covered with a grey pelUcle, which is 
i\\c_fii-st, or grey oxide of tin. This oxide when 
mixed with melted glass forms white enamel. 

The grey oxide, when exposed to a greater 
degree of heat, takes fire, accjuires more oxygen, and 
becomes ofa pure white ; the white oxide of tin. 

Tui IS not oxidized in the air at the common 
temperature j on account of which property, it is 
used for covering iron plates, to prevent their 
lusting. 

Tin dissolves in the muriatic acid, forming vwri- 
ate q/'tin, much used by dyers. 

With nitric acid it forms nitrate qftin. 

Tin united with sulphur forms the aurum mtts. 
htm. Alloyed with lead, it ionasplumljcr'* solder. 

The best pewter is composed of tin alloyed witli 
antimony, copper, and bismuth. 

Tin is not found native, and its ores are not much 
distributed. The richest mines are in Cornwall. 

LEAD, 

Tliia metal is never found in a native state. The 
ore from which it is chiefly procured is (galena, 
which is lead united to sulphur, or a sulpfiuret 
'ifkad. 
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Pure lead is of a greyish colour. When fresh cut 
it is bright, but it soon tarnishes in the air. It 
stains the fingers or paper when rubbed on them. 
It is easily cut with tike knife; has little or no elas- 
ticity» and is very malleable, but not very ductile. 
Water does not act upon lead. It easily fuses ; and 
exposed to the air in a state of fusion, its surfiu^ 
becomes covered with a grey pellicle : if this be 
removed another succeeds, and in this manner the 
whole may be converted into a powdery substance. 
This pellicle is composed of oxide of lead mixed with 
a portion of metallic lead. If it be subjected to a 
strong heat, it is changed into a yellow powder^ 
known by the name of massicot ; which is the Jirst^ 
or yellow ojnde qflead : it is used as a pigment. 

If nlassicot be exposed to the flame of a furnace 
for some time, and kept stirred, it is converted into 
a beautiful pigment, called minium, or red lead. 
This ha& been called the red oxide of lead ; but it 
is a mixture of the yellow oxide above mentioned, 
and another, the brown oxide of lead. This brown 
oxide may be procured by pouring nitric acid on 
red lead ; when the yellow oxide in the red lead 
will be dissolved by the acid, and the brown oxide 
will remain, being insoluble. 

If the oxides of lead be acted on by a strong 
heat, they give up their oxygen, and metallic lead 
remains ; but they are more readily reduced by 
mixing them with combustible matter. 

Lead, when procured from its ore, frequently 
contains so much silver, that the latter is wortli 
extracting. This process is called refining. The 
lead is played upon by the flame of a furnace, by 
which the lead is oxidized, and the oxide is partly 
vitrified, and assumes a scaly form, called litharge. 
The silver then remains free. 
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The oxides of lead are easily changed into glass, 
aiid unite with all the metals except gold and silver ; 
on this account they are employed for separating 
other metals from these. This process is called 
cupellation. The mixed metal is put into a dish 
caJled a cupel, made of bone>ashes, and placed in a 
cupelling furnace ; the lead is oxidized and vitri- 
fied, and sinks into the bone-ash ctipel, carrying 
with it all the baser metals. 

IV/iite lead, so much used in painting, is a com- 
pound of the yellow oxide and carbonic acid ; or a 
carbonate of lead. It is made by exposing plates of 
pure lead to the warm vapour of vinegar. By this 
they are gradually corroded, and converted into a 
heavy white powder, which is white lead. 

WIici) the carbonate of lead is dissolved in dis- 
tilled vinegar, a salt is obtained, which crystalUzea, 
and is called commonly sugar of lead; more pro- 
perly acetate of lead. All the salts of lead iiave a 
sweetish taste, and ai'c of a poisonous quality. 

The affinity of the muriatic acid (hydrochloric 
acid) for the oxides of lead is so great, that the 
latter decomposes all the combinations of this acid. 
They decompose the muriate of soda (common salt), 
end thus form muriate i(f' iead, which, ou fusion, 
affords mineral or patent i/ellozt: 

Sulphuric acid does not act on lead when coldj 
but dissolves it at a boiling heat, and forms sul- 
phate of lead, which Is insoluble in water. 

Chrotnate qf lead, or chromic acid and lead, is » 
very beautiful yellow pigment. It is found native 
in small quantities, but is now prepared largely by 
art. Lead is one of the most useful metals. It 
is much employed in covering houses, when made 
into thin sheets by casting or by milliug. It is used 
also for water-pipes and cisterns, and i'or a variety 
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of well-known puiposes. Its oxides are used in 
the manufactures of glass, and the glazings of 
earthenware; also as pigments. Preparations 
of lead are abo used as external applications In 
diseases. The alloys of lead with tin form toUert 
and other allojs are employed in various arts. 



This mettl is chiefly procured from caiamhtey 
iifhich is a lufdrated oxide qftinc ; and iuaa blende^ 
a sulphuret of zinc. 

Zinc is a whitish metal of the colour of Un. It 
is slightly maUeaUe whu cold } but heated to 
between 200° and 300° it is very malleable and 
baa been manuftcUued into naila* drawn into wire, 
and made into sheet& 

It is often known among workmen by the name 
of Spelter. It is easily fused* and is the most in- 
flammable of the metaJs; thin leaves of it will take 
fire with the flame of a t^er. 
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gas is disengaged, and thU is one of the best modes 
of proeuriDg that gas. 

The nitric and muriatic acids also act iippn ?mc. 
Zinc combinesi witlj phospbory? and sulphur, 

It can he alloyec} with most */tf tlit; other n#^. 
fcyitb copper, it fprms brass. 

I 

 ANTIMONY. 

m Antimony is rarely found native. It is propyred 
from an ore called crude antimoni/, which is a sul- 
phurt't of antimony. 

Antimony is of a silvery white colour. It is so 
brittle, that it may be pulverised in a mortar ; and 
its interior texture appears to be scaly or lamdlar. 
It requires 800" to fuse it. It does not change In 
the air, but when kept in ftision at a red heat, it 
emits white fumes, consisting of an oxide formerly 
called jSower^ of antimony. 

There arc two oxides of antimony. Tlie protor- 
ide is procured by precipitating the muriate rf 
antimony by potash. It is of a grey colour. The 
peroxide is formed by causing the nitric acid to act 
upon the metal, or by collecting the fumes already 
mentioned as the flowers of antimony. It is white. 
The oxidcsof antimonyare very valuable medicines. 

»Taitrate of potash and antimony form emetic tartar, 
James's powder is composed of phosphate of lime 
tod antimony. Kcrmcs's mineral is made from sirf- 
jihuret of antimony by potash. 

Antimony is also used in printers* types ; and in 

Copes. The sulphuret has been 
iiair black. 
_ 
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Bismuth is fi)und native, and also combined with 
-sulphur and arsenic. 

It is of a reddish white colour, brittle, and easily 
fusible. It is not quite so hard as copper. It 
is not oxidated by water; it tarnishes in the air, 
but does not undergo any other change. Kept 
melted in an open vessel, its surface becomes 
covered with a dark grey pellicle, wliich is renewed 
till the whole is converted into oxide. 

The oxide qf bismuth is a yellow powder. Wlu'it 
strongly heated it melts and becomes darker 
coloured. 

Bismuth dissolved in the nitric acid, ailbrds a 
white powder, if water be added to the solution. 
This is the magistry qfUsmuth^ or pearl white, which 
has been used as a cosmetic, but very improperly, 
as it is spl to turn black by sulphuretted hydrt^en. 

Bismuth dissolved by the acetic acid forms a 
sympathetic ink. The characters written with it 
are invisible, until they are exposed to sulphuretted 
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found native, but oftener combined with sulphur. 
The sulphuret of arsenic is called orphnent. 

Arsenic is frequently mixed in metallic ores, 
and is driven off by heat. It is known by its pecu- 
liar smell, like garlic. 

The colour of metallic arsenic is greyj it is very 
brittle. It soon loses its metallic lustre in the air, 
and becomes black. The oxides of arsenic have 
acid properties. There are two : the white oxide 
(if arsenic is called arsenious acid. It is highly 
poisonous. It is soluble in water. It reddens 
vegetable blues. It is of a white colour, is semi- 
transparent, and brittle. Its taste is acrid, with a 
nauseous sweetness. The best way of getting rid 
of its action as a poison, when taken into the sto- 
mach, is to produce vomiting and purging. 

Arsenic acid is a white deliquescent substance, of 
a sour taste, obtained by distiUing nitric acid off 
metallic arsenic. It forms salts with several of the 
metals. Arseniate of iron crystallizes in cubes of 
a green colour. The arseniates of copper are 
among the most beautiful minerals. The alloys of 
arsenic witli some of the metals are used for some 
purposes. It is mixed with lead to assist its 
granulation in making small shot. It is also used 
Iq making fliot glass, and in calico-printing. 



 NICKEL. 

Nickel is a rare metal. It is white, much resem- 
bling silver; and possesses, lik-e iron, the magnetic 
property. It is not easily fused, and it is malleable. 
It is rather softer than iron, and soon tarnishes iu the 
air. It is (bund native, and combined with arsenic. 
Nickel dissolves in tlie acids, and its salts arc 
iiiguished by their fine green colour. 
I 3 
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It forms two oxides the black and the grey. 

Nickel alloys with most of the mctalaj mi it is 
fijund Cloyed with iron in those masses that fall 
Irom the atmo^here, called me&oric tituie*. The 
origih of those lapiaeous masses thatappcar in to 
extraordinary a maaner is entirely iinkniiwn: but 
the numerous itrell-authenticatcd accounts we have 
bad of the fact put it now beyond dispute. They 
are first seen as large meteors, at a great he^ht in 
tne ur, which suddenly ourst «'ith an explosion* 
ahd the fn^ments arc seen to &lt to the earth. It 
is very remarkable that thdr composition is always 
the same, although tner have fallen at many dider- 
ent times, and in fli^rent places, "they always 
contdin native iron alloyed with nickel, in gruns 
imoedded in a itony matter. The substance of 
these m^ieoHc Atones is not like any bodies which 
are Ibuud in tne eahh. In 1795, one weighing 
^6lbs. feU in td^kshire. 

MANGANESE. 




VEOETABLE SUBSTANCES. It9 

is of a gelatinous consistence, by distilling off the 
alkohol. 

Fixed oils are much used for painting, as they 
are of a drying nature : they are rendered still 
more drying by boiling them with the oxides of 
metals, as litharge. 

Volatile oil. — This is also called essential oil. 
Many vegetables afford essential oil by expression, 
or by distillation. When dissolved in water they 
constitute perfumed essences and distilled waters. 
They have much odour and taste. They are in- 
flammable. They are volatilized by a gentle heat, 
and evaporate entirely when pure so as to leave no 
trace. The chief essential oils are, the oils of tur- 
pentine, spike, cloves, oranges, lemons, lavender, 
&c. Many of them bear a high price. 

Resin. — The resins are an important class of 
vegetable substances from their application in the 
arts. They are very numerous, and often exude 
spontaneously from trees. Common resin is obtained 
from the^r : a juice exudes from this tree, which is 
common turpentine: this consists of the oil of turpen- 
tine and resin. When the essential oil is separated 
by distillation, the resin remains. Mastich is a resin 
obtained from a tree that grows in Turkey. San^ 
daraeh is the resin of a tree in Barbary. Copal is 
a resin from a tree that grows in America, and is 
a very valuable substance for varnishes. Lac is a 
resin made by an insect in the East Indies. It is 
very useful in varnishes, and in sealing-wax. Am- 
her is ^ substance resembling in its properties the 
resins, but it is only found in the earth, or washed 
out and driven on the shores. All the resins are 
insoluble in water, but soluble in alkohol, especially 
when assisted by heat. The greater number are 
soluble in the essential oils, and some are so in the 
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ir^ti ,u5.. TSf^ir aps also dissoh'ed by alkaline 
» N lau i-» :if adds. Resins consist of oxygen, 
-icilwa, .i=c Eiydrogeo ; ami they are supposed to 
he i>i:£uile ofls saturated with oxygen. 

AtftnvM b a substance having some analog)' 
vttli oils and rpsins, although differing in its consti- 
tuents U>1 being also a mineral body. Pure bitii- 
meo b called naphtha, which is tratisjiarent, highly 
inftuaiaable, volatile, of a pungent odour; it is (bund 
in (.vrtain wells, and there arc springs ot'it in several 
part5 of the voHd. Mlien naphtha is exposed to 
the air, it thickens, and becomes dark culourcd ; it is 
theo called petrotmrn, which is procuretl in the same 
manim, and is used tor burning in lamps. Maltha 
or ininenl pitch isa still farther thickened bitumen, 
and vlien it has become st>lid it is called asphaHum. 
("•WKlrioir. — This is the substance usually 
known by the name of Indian rublter, and some- 
liaMtS thsticpntu It was lirst brought from South 
.Knierica. It exudes as a milky juice from a tree, 
w>*irf> thidiens and hardens by exposure to tlie 
jL-, The natives ibrm it into bottles by covering 
ttlh lhi< juice; the cUv i?* al\pru-3nla 
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except gold and platinum. It is not used for any 
purpose. 

\Vhen heated in an open vessel it is oxidized, 
and there are two oxides of tungsten. The pro- 
toxide is of a brown colour, and when tieated it 
bums, and is converted into the peroxide, which is 
yellow, and has some of the properties of an acid, 
being capable of combining with salifiable bases. 

The mineral called wolfram is composed of 
tungstic acid, manganese, iron, and tin. 



This metal was discovered by Mr. Tennant, in 
the ore of platina. The metal is of a dark grey 
colour, and is oxidized when heated. Its oxide is 
volatile, and has a peculiar smell. It is little known, 
and has not been fused. 



This metal was also discovered by Mr. Tennant, 
in the ore of platina. It is of a whitisli colour. 
It is fusible, and malleable. It unites with oxygen, 
tnd alloys with the metals. Its combinations are 
Httle known. 



Dr. WoUaston discovered this metal in the ore 
'platina. It is very infusible, and forms malleable 
loys with the malleable metals. It tinites to 
lygen like all the other metals, but is very little 
known. 
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^ho AMnA it ii tl* ore of pbtiMtt kftcdotfii. 
ai 4 Atter^^iUte ilu* ftMidB> it ii mllMb ttnik 
cliclB«i ted ftrAttiifnlfcfl^dnf ft gtrtngerUlife 
tluui te^dldi ^ ii ilMbfr iuMar fhaa knib 

It ofli^ iritk. a«lpl|)a» aiU it adted «■ bf fte 
acidg, but iiwfcl Itnljljrliy >ii»iibMwnUihfcieii 

It fonns alloys with other metals, that with 
gdd has been usefully employed in astronomical 
instruments, as it is hif^Mldf does not tarnish. 

I .  

18179 ill ores of zinc, paiiicitlwr]^ ill j^^ 
blende. It resembles tin, but is rather more fusi« 
ble. It does not tarnish in the air. 

It readily disolves iif fkfcidi^ but its salts are lit- 
tle known. It is a rare metal, and not applied to 
anj use* 

TELLUMUM, 

^  • « • • - 

This metal was discovered by Muller in 1782. 
It is of a bluish white ddottf ^ of considerable brit 
liancy. It is extremely brittle ; melts in a heat a 
little greater than that required for lead. It ia so 
vdatile that it miky be distilled like mercury. 

Its oxide has acid properties. It is formed hf 
burning the metal ; a white smoke is disengaged, 
which is the oxide. It may be also obtained bf 
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dissolving the metal in nitromuriatie acid, and di- 
luting the solution with a large quantity of water. 

Tellurium combines with hydrogen, and with it 
forms a gaseous substaoce, (slled telluretted hy> 
drogen. 

This metal is scarce, and its combinations yet 
little known. 

TITANIUM. 

This metal is rarS. II Was discovered in a 
mineral) found in Cornwall, called mcnachamte. 
It was aflerwaroj procured from another mineral, 
litanite, and some others. The metal when pure 
is brittle, very infusible, of a brass or cbpper co- 
lour, easily tarnishes in the air, and oxidizes by 
heat. There appear to be three oxides of titaniuBJ^ 
tlie l/iuc, tJic red, and the tchile. 

The ores of titanium are either pure crystallized 
okide, or the oxide united to iron, or to silex. 

CI I IttjAl UM> 

This stlb*itft!lce, little kHo*n in the iHetaltic stitte, 
I important (ill Rccbunt of the fiile pigment* it 
" ttl9. It 1ft capable of being acidified, and the 
irdniic acid forttis salts. Tiie beautiAil itilneral 
Ued red-lead of' Siberia, Is ft cfirontnt^ of iead^ 
hh ia Itow ftftificialif prepared, and is a Vary V«i. 
Iitabte *hd beaiitlftd yellow pigment. Tile c^l^o- 
mic aeid Also unites to iron; thechromftte rtfinJH 
being found native ; and it is from this that the 
chromic acid is procured and united to lead, to 
form the chromate of lead. Cliromate of iron is, 
therefore, much sought after, and is tbund in 
greatest abundance in America, tioni whence our 
9lour-inaker8 chieily procure it. 
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it has been scarcely seen. The oxide of cerium 
(cerite) is found native. There appear to be two 
oxides, the white and the red. 



SELENIUM. 

Selenium is a metal lately discovered' by Berze- 
lius in the sulphur of Fahhun, in Sweden. Its 
metallic lustre is considerable, and colour grey. 
It easily fuses and volatilizes before the blow-pipe, 
with a smell like horse-raddish. It alloys with the 
metals. It dissolves in nitric acid, and forms with 
it a substance which is considered as a new acid, 
selenic acid, which unites with alkalies, forming se* 
leniates. 



VEGETABLE SUBSTANCES. 

Animals and vegetables differ essentially from 
minerals, in the two first possessing life and various 
organs fit for maintaining it, which is called organic 
structure. Through these organs, various juices and 
fluids circulate internally, and thus occasion the 
growth of the animal or plant. In mineral bo- 
dies this is not the case ; they increase in size only 
by successive portions of matter adhering to the 
outside, nor is there any internal motion. 

The principal ingredients of all vegetables are, 
oxygen, hydrogen, and carbon : sometimes they 
contain also a little nitrogen, and other elementary 
substances ; and although these elements are few, 
jet, by many varieties in their proportions and 
modes of combinations, a great quantity of proxi- 
mate constituents are produced. 



Gum Goniists of carbon, oxygen, and hydrageq. 

Sugar. '^^The sugar in common use is extmcted 
from a oane that grows only in warm climates, called 
the stigar-€mi€ ; but it 9iay also be procured from 
all sweet vegetfibleSt The American maple*tree 
afibrds a great deal of sugar, and this usefiil sub- 
stance has been ^lade fiem the beet*reot, car- 
rots, &C. 

All sugars consist of carbon, oxygen, and hydro- 
gen I but it appears that sugar fvom the cue 
contains more carbon than other sugars. That 
obtained from some v^etables will not ciystallize. 
Sugar is first prepared in the countries where it is 
grown, by boiling the juice and evaporating } one 
part of the juice crystallizes, and fbnns the raw or 
muscovado sugar ; the other part, the molasses or 
treacle, will not crystallize. The raw sugar when 
brought to this country is re-dissolved and erystal- 
liaed again, which is called refining, by whieh the 
hafsugar is made. To whiten it completely, day 
is put upon the tops of the conical pots in whieh 
the iiigar has granulated, which allows water to 
peraoliite through, and thus drain off the last re* 
mains of the molasses. This is called claying the 
mgars. 

Fecukf or starch. — His substance is contained 
in man^ seeds and roots. It is separated by Imiising 
tkt vegetables containing it in water, and stirring 
l^em together. The fecula separates in the water, 
making it appear turbid. The white fluid is pour- 
ad off and sufiered to settle ; the starch subsides 
to the bottom. Starch is made mostly irom wheat ; 
it IB abo made form potatoes. Starch is a white 
mbstance, insoluble in cold water, but soluble 
in wariD. Its solution is gelatinous, i^nd when 
jslid itresemblea gum : this, when dry, is a com- 
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Woody fibre. -^ When a piece of wood has been 
boiled in water and in alkohoL until the soluble sub- 
stances have been extracted from it, what remains 
msoluble is the woody fibre, or Ugnin, which is the 
basis of wood, and consists of long fibres^ having 
a considerable degree of transparency, without 
taste, and unalterable by the air. It is insoluble in 
water and alkohoL It is very inflammable ; and, 
when distilled in a close vessel, yields an acid sub- 
stance formerly thought to be a distinct acid called 
the pyro-ligneous, but now known to be the acetic 
acid with an empyreumatic oil. Pure acetic acid or 
vinegar is now made from wood by distillation. 
Wood consists of oxygen, carbon, and hydrogen ; 
when burned, the carbon remains, constituting 
charcoal. 

Colouring matter. — The colours of vegetables 
are owing to peculiar matters, which are extremely 
numerous, and but little known. Many of them 
are used as dyes and pigments. The extraction of 
colouring matters from vegetables, and fixing them 
on cloths, constitute the arts of dyeing and calico- 
printing (which see). The colouring matters 
sometimes are inherent in gums^ sometimes in 
renns, sometimes in fecula; consequently they 
require difi^ent chemical agents for their si^ution. 

Tannin. — This principle is so called because it 
is employed in the art of tanning leather. It is 
also called the astringent principle. It is found 
abundantly in the barks of several trees, particu- 
larly the oak, and also in certain seeds. The gall- 
nut and grape-seeds afford very pure tannin ^ and 
ft substance called catechu^ from India, consists 
chiefly of it. /Tannin is distinguished by its 
forming a precipitate with glue, or isinglass. This 
l^ecipiute is insoluble in water, and is that whdch 
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is formed when skins are tanned and nude into 
leather. 

Wax. — This substance appears to be fOTmed by 
bees, by sorae animal process. It is also a vege- 
table substance, for the polish or vaniish of leaves 
is owing to a coating of wax ; and in some vege- 
tables in Brazil wax exists in considerable qtian- 
ti^.' Wax is insoluble in water, but sparingly 
dissolved by boiling alkolml. It is cti.ssolvcd rea. 
dily by the fixed oils, and then forms ceraics and 
witments. Wax contains a large jiroportioii uf 
carbon, witli hydrogen and oxygen. 

Camphor. — This substance is brought chiefly 
from Japan, and is distilled from aspecies of laurel. 
It is white and seroitransparent ; it is very intlani- 
mable, soluble in alkohol, and sparingly so in water. 
It is very volatile, and capable of converting into 
an acid, called the camphoric acid, which Ibrm 
neutral salts called camphorates. Camphor resem- 
bles essential oil in many of its properties. 

Bitter principle. — It is supposed lliat this is a 
peculiar principle. It exists in many vegetables, 
particularly in quassia, gentian, hop, &c. When 
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culiar principles ; but it would exceed the boiwds 
of this work to describe them all in detail. The chief 
among them are suberj or a peculiar substance found 
in cork ; asparagin^ found in asparagus ; meduUin^ 
from the pith of the sunflower ; fungin^ the fleshy 
part of mushrooms, &c. 

Vegetables also contain several acids ready 
formed. Vegetable and animal acids differ from 
the others essentially. They always contain car- 
bon and hydrogen : some of them contain azote^ 
and generaily, though perhaps not always, oxygen. 
They do not seem capable of combining with dif- 
ferent proportions of oxygen only, but whenever 
the quantity of this principle changes, that of the 
rest changes also. 

Tartaric acid. — Tartar , or cream of tartar^ is a 
substance found in an impure state, incrusted on 
the bottom and sides of wine casks : when purified 
by solution and filtration, it is sold for use. This 
salt, which is soluble in water, consists of tartaric 
acid and potash ; it is therefore tartrate qf potash. 
Tartaric acid when crystallized is imperfectly trans- 
parent, white, and does not deliquesce in the air* 
It is soluble in water. It combines with alcalies, 
earths, and metallic oxides, and forms tartrates. 

Oxalic acidj so called from being first obtained 
from oxatis acitosella, or wood-sorrell. It is also 
called the acid of sugar^ because obtained from 
sugar by the nitric acid. It is proper that every 
one should know that oxalic acid is a deadly poison, 
and that many persons have lost their lives by 
mistaking it for Epsom salts, which it resembles. 
It is much employed for cleaning boot-tops and 
leather, and also by the calico-printers. 

Malic acid was first found in the juice of apples. 
It exists also in many other vegetables. This acid 
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U very sour, and does not crystallize; it forms 
salts with many of the metallic oxides. 

GaiSc acid. — Tliis acid is found in gall-nuts. 
It crystallizes, and forms whitish cr^'stals, of a sour 
taste and peculiar smell. When gallic acid is put 
into a solution containing iron, a black precipitate 
appears. The base of ink \i iron thus precipi- 
tated. To produce good black ink, infuse one 
pound of powdered gall-nuts for four hours, 
without boiling, in common water, with six ounces 
of gnm<arabic, and six ounces of sulphate of iron. 
With gold, gallic add forms a brown precipitate; 
with silver, a grey ; with mercur}*, an orange; with 
copper, a brown ; and with lead, a white. 

Citric acid is procured from the juice of lemons 
and other fruits. It is capable of crystallizing. 
Its ciyatals are soluble in water, and very amir. It 
forms titrates with the earths, alkalies, and metals. 
It Is much used in calico-printing. It is also used 
for discharging spots of ink from linen. 

Benzoic acid is obtained fh>m gum-benzoin, or 
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by the name oi yeast After a time these appear- 
ances cease, the fermented liquor becomes clear 
and transparent, and no more gas is discharged. 
The liquor now has lost its sweetness and viscidity^ 
and has acquired the vinous taste and intoxicating 
quality. Sugar appears to be essential to this pro- 
cess \ and all mucilaginous substances containing 
sugar are capable of this fermentation, which is 
called the vinous. 

Wine is made in this manner from the juice of' 
the grape ; if the fermentation be checked when 
at its height, by excluding the air, the wine begins 
to ferment anew, and effervesces when agairi ex- 
posed to the air. The sparkling wines, as Cham- 
pagne, are prepared In this manner, and henc6 
should be considered as imperfect wines. 

To prepare vinous liquors from grain or corn, it 
must first be converted into malt^ by steeping it in 
water, and then exposing it to tne air, turning it 
frequently over ; by this process, the ghilen oi, 
which the germ consists is separated, and the 
fecula is converted into sugar by the germination 
of the seed. 

Beer is made by boiling the malt in water, which 
produces a sweet liquor called tt^orf; this is con- 
verted into beer by fermentation and-the addition 
of hops, which furnish a bitter substance. 

Wine, beer, and all fermented liquors, owe their 
intoxicating qualities to a peculiar substance which 
they contain, and which is the produce of fermen- 
tation alone. This substance is a fluid called alko- 
hol^ or spirit qf mne^ and may be separated in a 
pure state by distillation. When first obtained it 
is mixed with a quantity of water, but if it be re- 
distilled, it is obtained very pure, and is then called 
rectified alkohoU Alkohol is of a strong heating 
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taste, of a peculiar penetrating odour, and it is 
very inflammable and volatile. It dissolves resins, 
essential oils, camphor, sulphur, phosphorus, &c» 
It is composed of hydrogen, carbon, and a small 
quantity of oxygen. 

Strong acids and alkohol have a considerable 
action on each other, and this produces ether j which 
is a fluid still more highly volatile, inflammable, 
and odorous. Nitric acid with alkohol produces 
nitric ether, and sulphuric acid in the same way 
produces sulphuric ether. 

When wine, or any fermented or vinous liquor 
is exposed to a heat, from 75^ to 85S Fahr., and 
access of air is permitted, the fluid becomes turbid, 
and a new change of principles takes place. It 
loses its taste and smell, it becomes sour, and is 
converted into vinegar, or acetous acid. Though 
vinegar is chiefly prepared from fluids which have 
undergone the vinous fermentation, yet this is not 
necessary to the production of vinegar, for simple 
mucilage is capable of passing into the state of 
acetous fermentation. When the saccharine prin- 
ciple predominates in any substance exposed to 
the necessary conditions of fermentation, alkohol 
is produced ; when mucilage is most abundant, 
vinegar or acetous acid is the product ; and when 
gluten is predominant, ammonia will be discovered, 
and putrefaction will take place. 

Common vinegar may be purified, or concen 
trated by distillation, and it is then called distilled 
vinegar. This, however, still consists of the acetic 
acid and water. To free the acid from the water, 
distilled vinegar is saturated with some metallic 
oxide, and an acetate is thus formed. The acetate 
is then heated red hot in a retort, by which it is 
decomposed, and the acetic acid passes over pure. 
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Acetate qf copper or terdigris, and likewise ace- 
tate of kadj are used for this purpose. Acetic 
acid is very pungent and caustic. It is very vola- 
tile, and combines with the metals, earths, and 
alkalies. 

This acid may also be obtained from wood, by 
subjecting it to distillation in a retort. In this state 
it is very impure, being combined with a quantity 
of empyreumatic oil. This was formerly called jpry- 
roligneous acid. When separated from impurities 
it is essentially the same with vinegar, and is now 
employed for the same purpose. 

The last change, or final decomposition that 
vegetables undergo, is called the putrefactive fer- 
mentation^ or putrefaction. Without moisture, heat, 
and a due access of air, this does not take place. 
By this vegetables are resolved into their consti- 
tuent principles, and ammonia is formed* 



ANIMAL SUBSTANCES. 

The elementary principles of animal substances 
are nearly the same with those of vegetables, but 
the former contain more nitrogen and phosphorus, 
and the latter more carbon and hydrogen. 

The proximate constituent parts of animal sub- 
stances are the following : 

Gelatine^ or animal jelly ^ is very generally dis- 
persed through all the parts of animals, even in 
bones, but exists in the greatest quantity in the 
tendons, membranes, and the skin. It is a viscid 
substance, very soluble in warm water, but not in 
alkohol ; insipid, and without smell ; when cold, it 
congeals into a cohesive, tremulous substance. It 
fonns the basis of soups, broths, &c. and imparts to 
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them ttieir nutritious qualities. ^Vhen evaporated 
to dtynesi, it forms portable soup, she, glue, &c. 
The union of this latter substance in the skin with 
tannin constitutes leather. Isinglass is gelatine 
procured from certain parts of several fisli, particu- 
larly the sturgeon. The tendons and manhranes oi' 
the boftyare chiefly gelatine. 

fibrin, or atiimal ^bre, forms the basis of the 
muscular, or fleshy parts of animals. It is there 
combined with albumen, anil remains with it after 
all the soluble parts of the flesh have been se]}ar»teil 
by water. It may also be obtained from blood, by 
washing the clot or coagulam in water, till a white 
fibrous matter remains, fibrin is not soluble hi 
cold water, but is very slightly so in boiling water. 
It is soluble in acids and alkalies, and by its union 
with the latter a soap is formed. Chaptal em- 
ployed this property to make a soap from wool. 
It is very analogous to vegetable gluten. 

Albumen is the principal constituent of the sernm 
of blood, and is also called coagulable lymph. Tiie 
white of eggs consists almost entirely of albumen. 
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Oil. — Animal oils are fat, tallow, butter, &c. 
They are mostly solid at the usual temperature. 
They may be rendered fluid by heat. Gil is ob- 
tained in great quantities from certain fish, parti- 
cularly the whale, seal, &c. and flsh oil continues 
fluid. It is very similar to vegetable oil in its other 
properties. Spermaceti somewhat resembles wax, 
and is obtained from the head of a species of whale. 
Animal fibre may be converted into a substance 
like spermaceti by treatment with the nitric acid, 
or by exposing it to a current of running water for 
several months. This has been called adipoclfe. 
It has been shown lately that fat is a compound 
body, consisting of a substance solid and much like 
wax, which has been called stearitij and a fluid oil 
called elahi. 

Milk is a substance secreted by certain animals 
for the nourishment of their young. As is well 
known, milk on standing for a day thrown up cream 
to the surface. Cream has much of the properties 
of an oil, and when agitated by churning, butter is 
separated from it. If milk stands until it becomes 
sour, it separates into a coagulum and a whey. 
This change may be more completely effected by 
adding to the milk a small quantity of certain sub- 
stances, as acids, or rennetj procured by boiling in 
water the inner coat of the stomach of a calf. 
The coagulum is thus made more solid, and when 
pressed and dried it forms cheese. 

In animal bodies there are also found several pe- 
culiar acids. 

The lactic acid is found in sour whey. It com- 
bines with the earths and alkalies, forming salts 
called lactates. It resembles much the acetic acid. 

The uric acid is found in urine. The substance 
voided with the urine called gravel, and also those 
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stones fumied in the bladder called cakuii, are 
almost entirely composed of uric acid. This acid, 
however, exists in urine even in its most healthy 
state. 

The amniotic acid is found in the liquor of the 
amnios of a cow. It separates in white crystals. 

The saccho-lactic acid is formed by acting on su- 
gar.of milk, or on gum by the nitric acid. It 
forms salts called saccho-lactales. 

The sebacic acid is procured from animal fat. It 
becomes soUd, is of a white colour, with a taste 
' slightly acid. 

The Prussic acid has been described, p. under 
the name of the hydrocyanic acid. 

The Jbrmic acid is an acid procured from ants. 

Ammalresins. — Peculiar resins have been found 
in certain animal substances, as in the InU; amber- 
gris, &c. 

Animal sugar is found in milk, also in the urine 
in certain diseases. It is similar to common sugar. 

Blood, when suffered to rest, separates into two 
parts ; the one a coaguluui or clot, called the 




ANIMAL SUBSTANCES. 141 

gulated albumen, an oil, or marrow, and phosphate 
and carbonate of lime, besides other matters in 
minute portions. 

Teeth are composed of similar ingredients. 

Shells contain a greater proportion of carbonate 
of lime. 

Homs^ nailSf hoqfs^ and qviUs are chiefly gelatine 
and albumen. 

Besides the animal substances above enumerated, 
there are various matters secreted or formed by cer- 
tain organs in the body, as saliva^ the gastric Juice, 
the biky the Jluid of perspiration, &c., the nature of 
which is not yet thoroughly known. 

The examination of animal substances, called 
animal chemistry , is one of the most difficult, as 
well as one of the most important, branches of the 
science ; and a wide field is yet open for research. 

When animal bodies are deprived of the vital 
principle, and are exposed to the air, they undergo 
a speedy decomposition called putrefaction. By 
this they are resolved partly into their elementary 
principles, and some of these form new compounds. 
The first change is observed by the bodies altering 
in their colour, losing their elasticity, and by their 
giving out a very fetid and noxious smell. The 
greater part, in time, assumes a gaseous form, and 
nothing remains but a small quantity of earths and 
salts. 

One of the greatest improvements in chemistry 
has been that made in its nomenclature^ which we 
owe chiefly to the French chemists. As the former 
names of many substances differ so entirely from 
those at present employed, that, without some 
assistance, many of the old writers on chemistry 
are not now intelligible to those acquainted only 
with the modern nomenclature, a list is subjoined 



14.2 



NOHENCUTUKE OF CHBHISTHT. 



of the terms which most generally occur in old 
books on this subject, together with those which 
are now adopted instead of them. 

(Hd Namei arranged 

Alphaieticallj/. New \ainet. 

Acetoiu mIu • Acetate* 

AcM of vitriol, phlogtiticated Sulphureoiu acid 

— of alum ^ 

- S:Sic - • 811*-= .»- 

— of nilphur / 

— of nitre, phlogtiticated Nitrout acid 

— of iiilre, dephto-'l 

gigiicatcd > > . Nitric acid 

— of ultpetre • J 

— of MS 1^1 „ . . .^ 
■^ marifiy - I " " Muriatic »cio 

— aerial - 1 

— of chalk 

— crelaecolu V - . Carbonic add 

— of diarcoal j 

— mephitJc J 

— of apw or fluor \ 

— f^ • i 

— oCbortx 
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Old Names arranged 
AlphabeikaUy* 

Acid of fat 'i 

— sedative J 

— of lac - 

— ofmilk 

— of the sugar of milk 

Air - - . 

— dephlogisticated'l 

— empyreal - I 

— vital 

— pure 

— impure, or vitiated 7 

— burnt 

— phlogisticated 

— inflammable 
^— marine acid 

— dephlogisticated) 



:i 



] 
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New Names* 

- Sebacic acid 

- Laccic acid 

- Lactic acid 

- Saccho-lactic acid 

- Gas 



Oxygen gas 



— marine acid 

— hepatic - 

— fetid of sulphur 

Air fixed - 1 

— solid of Hales 3 

— alkaline 
Alkalies, fixed 

» volatile 

 concrete volatile 

caustic 

— ^— effervescent^ ae- 1 
rated, or mild J 

vegetable 

mineral or marine - 

Prussian - 

Alum • - - 

Antimony, crude 

Aqua fortis - - - 

regia - - - 

— -— ammonia pura 

Argil, or argillaceous earth - 

Bezoar mineral 

Black lead • - - 

Borax . - - 

Butters of the metals 

Calces, metallic 

Ceruse . . • 



m "Nitrogen, azote, otr ^iMtic gas 

- Hydrogen gas 

- Muriatic acid gas 

- Oxygenated muriatic acid gas, 
or chlorine 

• Sulphureted hydrogen 

- Carbonic acid gas 

- Ammoniacal gas * 

- Potash and soda 

- Ammonia 

- Carbonate of ammonia 

- Pure alkalies 

- Alkaline carbonate! 

- Potass 

- Soda 

- Prussiate of potash 

- Sulphate of alumine and potash 
Sulphuret of antimony 

- Nitric acid of commerce 
> Nitro-muriatic acid 

Ammonia 

Alumine, or alumina 
Oxide of antimony 
Plumbago 
Borate of soda 
Muriates of the metal* 
Metallic oxides 
Carbonate of lead 
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(Hd Namei amused 
AlpkabeOeaOjf. 

Cenue of antimony - 
Charcoal, pore 

Cdcotfaar of vitriol - 

CoppoTi acetated - 
Copperafy green 

 Uue 



Cream oftar^ 

Earthy caleareoas - 
alununoiia 
rfHcootis 
ponderous 



New Names. 

White oxide of antimony 
Carbon 

{Red oxide of iron by the sul- 
phuric acid 
Acetate of copper 
Sulphate of iron 

of copper 



- Addubus tartrate of potash 

• Lime 
. Aluminai or alumine 

- Silex 

- Barytes 
magnesianyormuriatic Biagnesia 

Emetic tartar - • Antimoniated tartrate of potash 

- Volatile oils 

- Black oxide of iron 

f Black sulphureted oxide of 
I mercury 

- Sublimated metaUic oxides 
« Sublimated sulphur 

• Fluates 

- Sulphurets 

- Caloric 

JRed sulphureted oxide of an- 
\ timony 

- Fused nitrate of silver 

- Solutions of alkalies 



Ethiopsi martial 

 mineral • 

VUfWBnf metallic ' • 
— oCsulphur - 
Fhion 
Hepars 
Heaty latent 

Kermes mineral 

Lapis infernalis 

Leys 

Liquor silicum 1 

of flints 3 

Litharge 

Liver of sulphur, alkaline 

— — — calcareous 
Luna cornea 

Magistery of bismuth 

Magnesia alba 1 
— • aerated j 

— black 

Masticot 

Mephitis 

Minium 

Mother waters 

Nitrc; or saltpetre - 



Solution of siliceous potash 

C Semivitreous oxide of lead or 
I litharge 

Sulphuret of potash 

of lime 

Muriate of silver 

{Oxide of bismuth by the nitric 
acid 

Carbonate of magnesia 

Black oxide of manganese 
Yellow oxide of lead 
Nitrogen gas 
Red oxide of lead 
Saline residues 
Nitrate of potass 
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Old Names arranged 
AtpkahelkaUy. 
Nitres 
Oils, fat • 

— etherial 

— of tartar per deliquium 

Phlogiston - 
Phosphoric salts 
Plrecipitate, red 



per se 

Prtociple, astringent 
— tanning - 

^ aci^fying 

— inflammable 

Pyrites of copper - • 

Pyrites martial 

Realgar 

Regulus of the metals 
Rust of iron 
Sa£Bron of Mars 
Sal ammoniac 

— polychrest 

Salt, common or sea 

— febrifuge of SyWius 

— fusible of urine 

— Glauber's 

— Epsom - 

— of sorrel * - 

— of wormwood - 

— vegetable 
Saltpetre 
Selinite 

Spar, calcareous 

— fluor - 

ponderous 

Spirit, ardent ) 

of wine j 



{ 



of nitre 



of salt 



fuming 



Neto Names. 

Nitrates 

Fixed oil • 

Essential oils 

A solution of potash 

A principle imagined by Stahl, 
but now not admitted 

Phosphates 
r Red oxide of mercury by the 
( nitric acid 

Red oxide of mercury by fire 

Gallic acid 

Tannin 

Oxygen 

See I^logiston 

Copper pyrites 

{Iron pyrites, or sulphuret of 
iron 
rRed sulphuretted oxide of 
\ arsenic 

The metals in a pure stat^ ^ 

Oxide of iron 

Oxide of iron 

Muriate of ammonia 

Sulphate of potash 

Muriate of soda 

Muriate of potash 

Phosphate of soda 

Sulphate of soda 

 - of magnesia 

Acidulous oxalate of potash 

Carbonate of potash 

Tartrite of potash 

Nitrate of potash 

Sulphate of lime 

Crystallized carbonate of lime 

Fluate of lime 

Sulphate of barytes 

. Alkohol 

> Nitric acid 

- Nitrous acid 

- Muriatic acid 
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Old Nanut sn-A^ 

Alpkaietieaay. 

Spirit of ul 

— ^ of vitriol 
^iritiu rector 
SubliDute, corrofivc 
9ugiu-or|e«d 
Tartu- 

^^ emetic 

~— Titriolatcd 
Tirtari 
Tbtcturet, ipirituoiu 
Turbeth minenl 




Sem NttMff, 

- Ammonta 

T Sulphuric acid 

• Aroma 

- Muriate of mercuiy 

- Acetate of lead 

- Acidulou* tartrite oTpMaih 
Aniiraoniatcd tartrite of potaih 
Sulphate of potaih 

- Tartritea 

- RetiiM dinolved in alkohol 

J Yellow oxide ofmercui^bjtfae 
( lulphuric acid 

Acetic acid 

- Sulphate* 

• Sulphate of copper 

of iron 

—^ of zinc 

{Water impregnated triib car- 
bonic acid gm 
{Water impregnated with uil- 
phuretted hydrogen 




MANUFACTUEES AND AftTS. 



The modern sciences, and particu!:i;Iy chemj^tiy, 
have been of late successfully applied to tjie iig- 
provenjent of several of the useful arts j and soipe, 
in consequence, have undergone almost an entire 
change. Of the principles of some of them we 
propose to give a brief description. 

MAKING BREAD. 

Scarcely any nation exists, in which the UBe ef 
bread is entirely unknown, or something as a sub- 
stitute for it ; a dry food appearing to be neces- 
sary to promote the secretion of saliva, in the pro- 
cess of mastication. 

In Lapland, where they have no corn, they make 
a kind of bread from dried fish, and of tbe inner rind 
of the bark of the pine. In some parts of America, 
they use, for tliis purpose, easava, the root of a 
plant which is poisonous till it is rendered whole- 
some by the extraction of its acrid juice. In the 
South Sea islands, the bread-fruit tree affords the 
natives a substance resembling bread. 

From time immemorial, the farinaceous seeds 
have been employed as i'oot\, and they are the most 
nutritive of all the vegetables. Few of the alimen- 
tary sub^Jtances are used by man in a raw ana 
crude state ; almost all undergo some preparation, 
by which they are rendertMi more easy of diges- 
tion> or are more palatable. The appUc»tuia of 

L $ 
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heat generally effects considerable changes in tlie 
di^rent principles of which they arc composed. 
TbuSt bread from wheat Is no longer capable of 
forming a paste with water, such as can be made 
with flour ; nor can starch, and gluten, elements 
existing in flour, be obtained Irom it afler it has 
been baked in bread. The alteration in potatoes 
by the culinaiy process is even more considerable. 

The farinaceous vegetables used for making 
bread* are chiefly wheat, barley, oaUt, rye. buck 
wheat, maize, beans, pease, rice, potatoes, &c. In 
times of scarcity, other substances have been used, 
as acorns, chesnuts, &c. 

Of all these wheat is found to afford the best 
bread, and we shall begin by describing it Wheat 
flour, when analysed, is found to consist of — 
1. Gluten. S. Fecula, or starch. 3. Saccharine 
matter, or mucilage. 

The gluten is very elastic, of a greyish white 
odour, and when drawn out to its fullest extent, 
has the appearance of animal membrane. In this 
state, it adheres to many bodies, and forms a very 
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fall to the bottom of the vessel where it is collected; 
the sugar will be held in solution in the water em- 
ployed, aud the gluten will remain alone. 

There are three sorts of bread in general use, 
prepared from wheat flour: 1. Unleavened 
bread. S. Leavened bread. 3. Bread made with 
yeast. 

Unleavened Bread. 

When flour is kneaded with water, it fonna a ' 
tough adhesive paste, containing the constituent 
principles of flour, with little or no alteration, and 
not easily digested by the stomach. 

When formed into cakes, and baked by heat, the 
gluten, and probably the starch, undergo a con> 
siderable change, and the compound is rendered 
more easy of digestion. 

Bread made in this manner, without any addition, 
is called unleaveneti bread. It is not porous, but 
solid and heavy. 

This is, no doubt, the most ancient method of 
preparing bread, and it is still used in many coun- 
tries. The oat cakes, and barley bread, used in 
Scotland, and the north of England, arc of this 
kind ; so are also biscuits of all kinds. 

Unleavened bread is also used by the Jews 
during the Passover. 

Of Leaveited Bread. 

When flour is kneaded with water, it is called 
dou^h ; aud when this is kept in a warm place, it 
swells up, becomes spongy, and is filled with air- 
bubbles; it disengages at length an acidulous and 
spiritous smell, tastes sour, and in this state is called 
leaven. 

Here the saccharine part has been converted 
into ardent spirit, the mucilage tends to acidity, 
L 3 
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ud Ui« gluten {irabftbly rerges towards a ttate of 
putridity. By tbia Incessant f^rmentatioH, the 
maiB IB rendeted mora digestible and light, that 
ifl^ it becomes mtleh more porous bj the disengage- 
tdoitof dastic fluid, which separates its parts from 
eieh other, and much enlarges it« bulk. The 
operatioD of baking puts a stop to this pruccsa, hj 
ev^wrating a great part of the moisture, whicli 
&TOun the chemical attractious, and probably also 
hf further changing the nature of the component 
parts. Sreadi however^ in tliis Btate, will uot pos. 
seas the requisite uniformit)*! In order to promote 
an uniform fennentation, a small portion of Leaven 
is intimatajr blended witli a quantity of other 
dough, wkietit by the aid of heat, iliHtisus itseltj 
and causes all the parts to ferment at the sami- 
time. As soon as the dough has acquired a suffi. 
deni bulk from the extrication of carbonic acid 
gUf it IS cortsidered as fit for the oven. It will be 
neceasaiY here to consider more at large the nature 
of the firmtnUl^nt which ts so esscDtial in the - 
tnaKing o^ gooi\ bread. 
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always has. As aoon as the dough begins to sink, 
it is made up into the proper form, and put into the 
oven, where the heat converting the water into an 
elastic vapour, the loaf" rises still more. The fer- 
mentation by means of leaven is thought to be of 
the acetous kind, because it is generally so managed 
that the bread has a sour taste. 

Bread made with Yeas'l. 

Yeast is the froth formed upon the surface of 
beijr, or ale, in a state oi' fermentation, and is com- 
posed of carbonic acid gas iuclosed iu bubbles of 
the mucilaginous liquor. When this is mixed with 
dough, it causes it to ferment, and rise better and 
more quickly than ordinary leaven ; and by thi* 
mean!! the best bread, and that now most generally 
in U8e< is made. 

Bread mdde with yeast is not only less compact, 
lighter, and of a much more agreeable taste than 
the preceding kinds; hut it is also more miscible 
in water, with which it does not form a viscous 
maHs, a circumstance of the greatest importance 
in digestion. 

Bread, if well baked, is m*terially dilferent from 
Hour and farinaceous cakes; it no longer forms a 
tenacious dough with water, nw can starch or 
gluten be any more separated from it : and hence 
most probably its gooil qualities result. 

The method of making covitnoii J'amiltf bread is 
as follows : to half a bushel of flour add six ounces 
of salt, a pint of yeast, and six quarts of water that 
, has boiled ; ui warm weather pour the water in 
. nearly cold, but it winter let it be lukewarm. Put 
all tiieae into a kneading-trough, and work tbem 
together till they are the proper consistence of 
dough. Cover up the dough warm that it may 
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fennent tnd rise. Ttusiscalled tetlhig tik tpm^gt. 
After letting it lie the proper time, an hour tnd 
a half, more or less, knead it well together, and 
let it lie some time longer covered up. The oven 
must in the mean time be heated : when thii ii 
done, and it is pn^>erly cleaned, make the bread 
into loaves, and place them in the oven to bake. 

Hotaekold bread, or brawn bread, is baked in the 
same manner, only of flour that is made from the 
whde ofibe wheat, the bran as well as the flour 
being ground together; whereas in the white 
bread, the ojarser part of the bran is separated 
fiom the flour. In what is called Preach bread, 
the fennentation is carried on longer than in com- 
moD bread, by which it becomes more porous, and 
consequently lighter. Some bakera make a supe- 
rior kind of French bread, by putting together a 
peck and a half of the finest wheaten flour, called 
Hertfordshire white, a pint of milk, a quarter of a 
pound of salt, a pint and half of yeast, a quarter of 
a pound of butter, two ^;gB, and three quarts of 
water ; it is baked nearly in the same manner, 
only frequently turning the bread in the 
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possesses the gluten above described, which is so 
useful in making the bread porous and light ; on 
which account it is more difficult to make fer- 
mented bread from the pther grains : but this dif- 
ficulty is obviated by adding to them a small quan- 
tity of wheat flour, and many of them affi)rd bread 
nearly as nutritious, if not entirely so, as wheat. 
It appears to be the fecula, or starch, that is the 
the most nutritive part of the grain ; the potatoe, 
which contains a great proportion of this substance, 
forms the food of the most of peasantry in Ireland. 

Bye bread is of a brownish colour, and has 
rather a sweetish taste. It is much used in the 
north of Europe, and also in some parts of this 
kingdom ; but it is more usually mixed with a 
quantity of wheaten flour. 

Rye is also sometimes mixed with a fourth part 
of ground rice, and makes a good and economical 
household bread. 

Bread has also been made by mixing turnips and 
flour in equal quantities. This requires rather^ 
longer baking, and has at first a sweet taste, which 
it loses on being kept twenty-four hours. 

Rkef though usually prepared for food by boil- 
ing, has been made into bread by mixing with it a 
little flour, or potatoes. 

Potatoes have also been made into bread by 
QUxing with them a quantity of wheaten flour. 

BREWING. 

The art of brewing, or of preparing a fermented 

liquor called beer^ from farinaceous seeds, is very 

ancient. It was known to the ancient Egyptians, 

Spaniards, Germans, Gauls, inhabitants of the 

British Isles, and of the north of Europe. The 



U^piar . otade by iheiri^ faowever^ resembled mora 
our sweet and mocilagUious ales, tiie use of hops 
beiflg of* modem ihvcintion. 

Beer in milde of an extract produced frodi malt 
and hd|Mi hy hciiingi and this extract id afte&. 
tteds fenilented bgr adding yeast fio it« 
. dikit is made frdm barlejr by a process which 
is ealkd lialtkigi Barley is a grain consisting of 
feeidai or atarehi albuitteiit and li little gluteoi 
^ Jdui pMoeds of mritingi its fecula is convcSrted 
into iugbr^ a substanel) essential to the productioii 
of ardent spirit or aUcdhd^ which is the substatlce 
thilt gives die ibtoxicdting quality to every Itquon 
Td:pi^q)are nudti the grdin.is put into d trough 
witk IvAttek to stClq> for. about three days ) it ia. 
then laid in heaps, to let thb water drslin &om il^ . 
and afterwflrds turnfed dver and laid in hew he^ 
Ib ^bk fltate, the same process takes place as if dib 
barley were sown in the ground; it begimi to 
jferminate^ puts forth a shoot, and the fecula of 
the seed is converted into saccharine matten 
When this is sufficiently accomplished, which is 
known by the length of the shoot, (about 7 of the 
length of the grain) this process of germination 
must be stopped, otherwise the sugar would be 
lost, nature intending it for the nourishment of 
the young plant. The malt is, therefore, sprciad 
out^ lipoll a floor, and frequently turned over, 
which cools it, and dries up its moisture, without 
which the germination cannot proceed. When it 
is completely dried in this manner, it is called flfir- 
dried malt, and is very little altered in coloUr. 
But when it is dried iti kilns, it acquires a brownish 
colour, which is deeper in proportion to the heat 
applied ; it is then called kiln-dried. This malt iii 
then coarsely giound in a mill. 
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The quality of the beer depends upon the wtty in 

rhich the malt has been prepareJ as uell as the 

quantity. Tiicre are three kinds of matt generally 

used, pale, bronn, and amber. Pale iiuilt is dried 

by a slow fire, and only so much as just to check 

kthe lutiire germination of the grain : it la dried 

Isometimcs upon hair or wire !;ieves, which are made 

MO form the bottom of the kiln. Brown malt is 

■dried with a quick tire, and the outside is in fact a 

■little charred. Amber malt i3 intermediate be- 

Jtiroen these two. 

Pale malt is used for fine ales and pale beer : 

t)wn malt is used for porter ; and amber is emt 

ployeti for brown ale and beer, and Also to mix with 

irown malt for portcr.a practice which many prdbr. 

Mas/ting is the next step in the process Of brewJ 

This is performed in a large circular woodett 

■essel called the nm?h-tun, shallow in projiortldn 

' to its exttnt, and furnished with a false bottdra, 

pierced Uith Amidl holes, iind fixed a feW inches 

above the real bottom. There are two side opei^ 

ings in the interval between the real and fblse 

bottom : to one is fixed a pipe, for the purpose of 

conveying water into the tun, and the other \n for 

' awing the liquor out of it. Tlic malt is to be 

Irewed evenly over the false bottom of the same 

*tuil, and then, by means of the side pipe, a proper 

quantity of hot water is introduced from the tipper 

cojiper. The water rises upwards through the 

malt, or, as it is called, the ^risli and when the 

whole quantity is introduced, the mashing begins, 

I the object of which is to effect a perfect mixture of 

Kllie malt with t!ie water, so that the soluble |Kirts 

^pnay be extracted by it : for this ptupose^ the grist 

^Hl sometimes incorporated with the water by iron 

^nkes, and then the mass is beaten and agitated by 
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long flat wooden poles, resembling oars, which are 
either worked by the hand or by machineiy. 

When the mashing is completed, the tun is co* 
vered in, to prevent the escape of the heat, and the 
whole is sufiered to remain still, in order that the 
insoluble parts may separate from the liquor : the 
side pipe is then opened, and the clear wort al- 
lowed to run ofi*. slowly at first, but more rapidly as 
it becomes fine, into the lower or boiling copper. 

The chief thing to be attended to in mashing is 
the temperature of the mash, which depends on 
the heat of the water, and the state of the malt. 
If the water was let in upon the grist boiling hot, 
the starch which it contains would be dissolved, 
and converted into a gelatinous substance, in 
which alt the other parts of the malt, and most of 
the water, would be entangled beyond the possi* 
hility of being recovered by any afler-process. 

The most eligible temperature appears to be 
from 185° to 190** Fahr. ; for the 6rst mashing, the 
heat of the water must be somewhat below this 
temperature, and lower in proportion to ihi- dark 
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first mashing, or six or eight gallons, is to be em- 
ployed. 

Brewers make use of an instrument called a 
sacchrometeTj to ascertain the strength and good- 
ness of the wort. This instrument is a kind of 
hydrometer, and shows the specific gravity of the 
wort, rather than the exact quantity of saccharine 
matter which it contains. 

The next process in brewing is boiling and 
hopping. The hop plant is well known : hops con- 
tain an aromatic and essential oil, having an agree- 
able bitter flavour. Hops are necessary to prevent 
the beer from passing into the acetic fermentation, 
which would take place after the vinous ferment- 
ation had ceased. They check the fermentation 
in a great degree, so as to occasion it to go on 
slowly, and thus to acquire strength ; and the quan- 
tity of hops depends upon the length of time the 
beer is intended to be kept. Hops are best when 
new, as they lose much of their flavour by keepiAg. 

If only one kind of liquor is made, the produce 
of the three mashings is to be mixed together ; but, 
if ale and table beer are required, the wort of 
the first, or first and second mashings, is appropri- 
ated to the ale, and the remainder is set aside for 
the beer. 

All the wort destined for the same liquor, after 
it has run from the tun, is transferred to the large 
lower copper, and mixed with a certain proportion 
of hops. The better the wort, the more hops are 
required. In private families a pound of hops is 
generally used to every bushel of malt ; but in public 
breweries, a much smaller proportion is deemed 
sufficient. When ale and table beer are brewed 
from the same malt, the usual practice is to put 
the whole quantity of hops in the ale wort, which, 
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Iifiving been boiled Bome tirae,aretobttimiiaferred 
to the beer-wort, aod with it to be again bralcd. 

Whpn the hops are mixed with the wort in the 
copper> the liquor is made to boil, and the best 
practice is to keep it boiling as fast as possible, till 
upon taking a little of the liquor out. it is found to 
be full of small flakes like that of curdled soap. 
The boiling copper is, in common brewerie-s unco- 
vered : but in many, on a large scale, it is 6ttcd 
with a steam-tight cover, from the centre of which 
passes a pipe, that terminates by several branches 
in the upper, or mashing copper. The liteam, 
therefore, produced by the boiling, insteail of 
being wasted, h let into the cold water, and thus 
raises it very nearly to the temperature required 
for mashing, besides impregnating it very senlibly 
with the essential oil of the hops, in which the 
flavour resides. 

When the liquor is boiled, it is discharged into a 
number (^ coolers, or shallow tubs, in which it re- 
mains unUl it becomes sufficiently cool to bo sub- 
mitted to fermentation. It is necessary that the 



From the coolers the wort !§ put into the "wqrk^ 
ing tun, in which it is mixed with yeast, in |;he 
proportion of agaUon to four barrels of wort, in order 
to excite the vinous fermentation. This process is 
called tunning. By Uiis the beer obtains its strength 
and spirit; the sugar extracted from the malt being 
convertied into all^hoh |n four or five hours the 
fermentation begins. Its first appearance is by a 
white line on the surface of the liquor, next to the 
side of the vessel, which gradually advances to the 
middle, till the whole surface is covered with a 
scum, or froth, formed by innumerable minute 
bubbles of carbonic acid gas, which rise through the 
liquor. The temperature of the liquor increases, 
and the whole is much agitated. The froth on the 
sui*face accumulates, and constitutes the yeast. At 
this time the presence of carbonic acid gas may be 
easily perceived, by holding one's head over the 
barrel or X\xn ; and fatal accidents have happened 
through the accumulation of this gas in situations 
where persons have been exposed to it without 
being able to remove. 

The vinous fermentation must be checked in 
time, otherwise the acetous fermentation woujd 
begin ; all the spirit would be lost, and the beer 
would become sour. 

The fermentation requires from 1 8 or 20 to 48 
hours; and the beer is then put into smaller barrels, 
called cleansing tuns. In them, the fermentation 
goes on again, and during a few days, a copious 
discharge of yeast takes place from the bung-hole. 
Care must be taken that the barrels are filled every 
day with fresh liquor. This discharge gradually 
becomes less, and in about a week it ceases; when 
the bung-hole is closed. 

The liquor is now suffered to stand for some 
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time to Jine (or become transparent), by depositing 
the mucilage that was suspended in it. When 
there is time, the beer is allowed to fine itself ; if 
not, a preparation of isinglass and sour beer, called 
Jinings^ is put into it, to precipitate the mucilage. 

A larger quantity of hops are used in porter than 
for ales. Although in porter the brown malts are 
necessary, it is bad economy to use them too highly 
dried for the deepening of the colour, since the 
consequence of drying too highly is a carbonization 
of part of the saccharine matter. A dark colour 
may be procured more economically by adding 
burnt sugar to the wort. 

It is in Britain prohibited by law to use any sub- 
stance in brewing, as a substitute for hops. 

BLEACHING. 

Bleaching is the art of whitening cloths, made 
from vegetable or animal substances, by depriving 
them of their colouring matter. The art is of 
great antiquity; and mankind, in all ages, appear 
to have admired garments of a pure whiteness. The 
effects produced by the air and rain upon vegetable 
fibres exposed to them, must have led originally to 
the idea of producing this by artificial means. The 
ancients appear to have been acquainted with the 
uses of soap and leys ; and to have practised bleach- 
ing, nearly in the same manner as it existed among 
us until lately. But few manufactures have received 
so much benefit from modern chemistry, as that 
now under consideration ; so that since the year 
I78G, it has undergone a complete change. 

Bleaching of J jiyien. 

The processes of bleaching difier materially, 
according to the different materials of which cloths 
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I are composed: thus, linen, cotton, woollens, and 
^silk, are whitened by different methods. lu order 

* to understand the rationale of the bleaching pro- 
ies, it is necessary to be acquainted with the 

nature of the materials. 

Flax, from which hnen is formed, is a vegetable 

consisting of several coats or layers. The external 

coat is a very thin bark j under this is a green juice 

or sap; next lies a layer of fibres or filaments, 

which constitutes the part used for making linen ; 

" and, lastly, in the centre, there is a woody part. To 

' prepare flax for making cloth, the filaments or 

[* fibrous part must he separated i'rom the rest. The 

* filaments arc held together by tlic sap, or succulent 
part. To detach them from this, the flax is steeped 
for several days in pools or ponds of sofl stagnant 

j- water; by which the putrefiictive fermentation 
p takes place. But this fermentation must not be 
r suffered to proceed too far; otherwise the fibres 
P themselves would be affected by it, and their 
^texture injured. The flax must be taken out 
I while it is yet green, and while the wood breaks 
f easily between the fingers. The putrefaction of 
ftlie sap occasions the water in which the flax is 
I steeped to be extremely offensive ; and it is even 
I found that the fish nre destroyed in any stream 
i where this process is used. 

In some places, instead of steeping the flax in 
Iwater, it is simply exposed to the dew by laying it 
^on the grass. 

Tlie time required for this part of the process is 
variable; depending upon the stateof ripeness of the 
flax, the quality and temperature of the water, and 
other circumstances. 

After steeping the flax, where the watering sys- 
^ tern is practised, it is spread very thin on the grass, 
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and occasionally turned, until it is found to be very 
brittle; so that on being rubbed between the 
hands, the woody part easily separates. It is then 
dried by the heat of the sun or of a kiln. 

The flax is now ready to be beat or broke by a 
mill for the purpose, or by mallets on a sort of 
wooden anviJ. The fibres of the flax are thus 
separated from the wood, which is reduced to frag- 
ments, most of which are cleared away by scutching. 

To divide completely the fibres from each other, 
and to separate the remaining part of the wood, the 
process of. hackling is employed. This consists in 
drawing the flax through piles or groups of shaip 
and polished iron spikes, placed close together, and 
fixed in wood. The liackles are of various degrees 
of fineness ; that is, the spikes are placed at different 
degrees of distance from each other. The coarsest, 
or most open hackles, are used first ; then a finer, 
and so on, till the process is completed. 

The flax is now ready to be sjmn into thread or 
yarn, which is manufactured into cloth by the 
weaver. 

The linen, as it conies from the loom, is of a 
brownish grey colour ; and it is then that the pro- 
cess of bleaching begins. 

The linen is first steeped in culd water for 4S 
hours, to discharge from it the weaver's dressing ; 
which is a paste of flour and water, that had been 
brushed into the yarn to enable them to stretch it 
more casilv. 

The grey substance that colours the linen before 
it is bleached is of a resinous nature, and conse- 
quently it is insoluble in water. It is also intimately 
united with the fibres of the flax, and is of difficult 
separation. What appears to the eye to be a single 
fibre is, in fact, a bundle of minute filaments, agglu- 



filiated ti^Uier by tlfis rc^f^^s ip^M^; To i^^ 
rate these filaments from each tfthei;, and IW 4estrpy 
entirely the.resinoua cplouring j^aUer, is n pfocess 
of some difficulty. Solutions of alcalies fendefed 
caustic *, called alcaUm lei/s, )iave tlie prt^eff-y pf 
dissolnng resins ; hence tliey Jiave been .used for 
this purpose in bleacliiog. The Huen is boijed jn 
water containing a quantity of c:'.'.i-,tic pota^)* 
uliich acts upon tlie lesin oi the e>^ternal liJ^^f^, 
and loosens them a lijtJe from each ptJbi^i'. TJ^e 
cloth is then spread upon the grass, OiUd exposed io 
the actioa of the air, ^un, ajid d^ew; and is also 
occasionaliy watered. It is then returne4 ag^n 
into the })ucking vat ; a|id Lt^e aJkaliue soluUi^n is 
poured over it : by this anotlier hiycr of the ^a- 
iiients is opened, and tJic resin dissolved. It is 
Uien carried again to the ^eld, aAd treated as 
iwifore. In this manner, tJie fcuckiiig ^yid spreajdiflg 
on the grass are repeated alternately, for 15 or iG 
times, according to the veather and otli^r circum- 
stances, until the cloth is M'hiteoed. M'ere tk^ 
alcaliue ley so strong as .to dissolve ^ the cesin at 
once, it would injure the texture .of the fabric. 

This alternate bucking and exposing on thfi grass 
is the old Euauuer of bleaching, and ^vas uaivcrs^y 
used, till Scheele discovered the propei'ties oi' jLhc 
oxygenated muriatic acid in destroyuig vegetable 
colours. M. Bertholtet first applied this property 
to tlie purposes of Reaching, and he, with great 

I liberality, conili)unj,cated his ob^rvations tp tlie 
public. For this purpose, be ii^uiersed the ^cli^^h 

* ioto diluted o^'^gcntited muriatic ^cld, betw£^ the 
operatioiQs of the nlcahne l&ys, which |>roducedtthc 

* Common polatih is ri'iidered sufficiently cf uetiu for iliepur* 
pcwt^f blcai'hitig, byaildin)(lait quickliruc, which ha* a irtronger 
affinity Tor tlio c«rfoonic add than potatJi. 
H « 
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same effect in whitening it, as by exposing it to the 
action of the air and light in the field. 

The new method of bleaching was quickly and 
successfully introduced into the manufactories of 
France } and almost as soon into those of Great 
Britain. It is now universally adopted. The 
advantages are, that the time required for bleach- 
ing is shortened in a surprising degree so that 
manufacturers experience a much quicker return of 
their capitals ; and that it may be carried on at all 
seasons of the year. 

The first way in which the oxymuriatrc acid was 
applied in bleaching was in the liquid state ; that is, 
when water is impregnated with the gas. The 
goods were immersed in this liquid according to 
the nature of the objects to be bleached. Skeins 
• of thread were suspended on frames in the tub in- 
tended to receive them ; cloth was rolled upon 
reels. When every thing was thus disposed, the 
tubs were filled with oxygenated muriatic acid, by 
introducing a funnel that descended to the bottom 
of the tub in order to prevent the dispersion of the 
gas. The cloth, or thread, was made to pass 
through the liquid by turning the frames, until it 
was judged that the acid was exhausted by acting 
on the colouring matter. 

But the volatility of this acid, and the suffocating 
nature of its vapours, which produced extremely 
noxious effects upon the health of the workmen, 
rendered its use very difficult, although very in- 
genious apparatus had been invented both by Ber-** 
thollet and by Mr. Watts. It was also found difff- 
cult to cause the acid to act upon all parts of the 
cloths equally, when they were stratified in the cis- 
terns with the acid. , 

A considerable improvement was made in the 
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apparatus by Mr. Rupp of Manchester, which is 
described in the Manchester Memoirs. Still it 
was found that the acid alone was apt to weaken 
the cloth, and that it injured the health of the 
workmen. 

At length it was discovered by some manufac 
turers at JavcUe, near Paris, that the addition of 
an alkali to the liquor deprived it of its suffocating 
effects, without destroying its bleaching powers. 
Potash was tlie alcali they employed ; and this so- 
lution was called the Javelle liquor. The invent- 
ors came into this country, and estabUshed a 
bleaching-work. The process was then carried on 
in open vessels i and the bleacher was able to work 
his pieces in the liquid, and expose every part to 
its action without inconvenience. 

Although these advantages were unquestionably 
great, they were diminished by the heavy expense 
of the alcali, which was entirely lost. Also, the 
the potash, which added to the liquor, though it did 
not destroy its power of bleaching, diminished it ; 
because a solution of the oxygenated muriate of 
potasli, which differs from this bleaching-liquor in 
nothing but in the proportion of alcali, will not 
bleach at all. This is a well-known fact; from 
which we might infer, that the oxygenated muri- 
atic acid will lose its power of destroying the co- 
louring-matter of vegetable substances, in propor- 
tion as it becomes neutralized. 

Mr. Tennant discovered that lime might be 
iBubstituted for the potash, the oxymuriatic acid 
[combining with all the alcaline earths, and forming 
ioxymuriates which were soluble in water, and had 
the property of bleaching. This is the substance 
now employed. If the oxygenated muriatic acid 
be passed through lime-water, it will combine with 
M 3 
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thfe Bme^ and form oxjrmuriate of litrib ; bdt ia (he 
writer can oMy rtUin k small portion of liMe, tht« 
wis tttft fobnd ofrtlucK iise. To cause 8 larger 
qttthtity of Hme tb combine with the oxymiitatie 
acid gas, the lime is mechanically suspended by 
af^tttion in tti^ water into tthich the gas is mride 
to pass, M as io pffesent fresh matter to the gas. 
Bf iHH m^iai, the oxymuriatie acid combineA rtitli 
thfr Ilttte, fonriing a cdfn|)oinid soluble in the 
wirtef : tfit^ is uied as a bleacliing-Uqiior. 

Tb£ D:ty^enat6d muriatic acid gas may also be 
ciMUhed *ith lime in a dry state. To effect this, 
thfcoitytbtiriatltiacid gas is sent into a ressfr) contain- 
id^ dty hydi^te of lime (that is^ lime stacked «tth 
iftiter) ; the pdwder is agitated, and the gas com- 
bines with it to a certalH ^IHtount, or till th(: hy- 
df^ttfliinebectMitis sAtur«ted. The cMttfodnd 
U Ultift white powder, i»>sSe^bg little smeU. It 
U jbrtiiUy soluble ih water, yielding a solution 
miibH the s&mt^ ta thrit obUtntd by th^ fohncr 
prdct^l. 

Although intMt Mits that are soluble in Water 
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We have hitherto used the old term of oxymuri- 
atic acid, because it is best known by this name in 
the bleaching processes; but it will be remem- 
bered that this substance is now considered as a 
simple body, and is known by the name of chlorine* 
What has just been called oxymuriate of lime 
is known among modern chemists by the term 
chI(H*ateof lime. 

The oxymuriatic acid gas, or chlorine, may be 
procured by distilling muriatic acid in black oxide 
of manganese ; but' to save the expense of first 
preparing the muriatic acid, the usual practice in 
bleaching is to mix three parts of black oxide of 
manganese with eight parts of muriate of soda or 
common salt, and five parts sulphuric acid, diluted 
with four parts water. 

To ascertain the strength of the liquid for 
bleaching, a solution ofindigo in the sulphuric acid 
is employed* The colour of this is destroyed by 
the oxygenated muriatic acid; and according to the 
quantity of it that can be discoloured by a giveq 
quantity of the liquor, its strength is known. 

The linen is usually not immersed in the solution 
of oxymuriate of lime until after the fourth or fifth 
bucking ; because a great portion of the resin is 
removed cheaper by the alkaline leys, and washing 
in water. 

The last operation in bleaching is souring, or 
steeping the linen in some sour liquid of a blood 
heat. For this purpose, formerly sour milk was em- 
ployed : but now sulphuric acid is used. Of this 
as much is put into water as will give it the acidity 
of vinegar. The linens are generally steeped about 
twelve hours, and are then well washed. This 
souring is essential to the procuring of a good white, 
but the theory of its action is not well understood. 

M 4 
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Nothing now retnainsy in order to complete 
them for the market, but rubbing them with a 
strong lather of soap, washing, and blueing them. 
The alcali is one of the chief articles of expense 
used in bleaching : and it is a great object with 
the bleacher to recover the pure alcali from the 
leys which have been used. 

The sulphuret of lime, or the combination of 
sulphur and lime, which are both cheap articles, 
has been used in Ireland for bleaching, instead of 
potash. It was first proposed by Mr. Higgins, and 
it answers in some cases, particularly where the 
goods are intended for dying. 

The sulphuret of lime is prepared as follows : — 
sulphur in powder, four pounds ; lime, well slaked, 
twenty pounds ; and water, sixteen gallons ; are 
to be well mixed, and boiled for half an hour in an 
iron vessel, stirring them briskly from time to time. 
Soon after the agitation of boiling is over, the so- 
lution of the sulphuret clears, and may be drawn 
offfree from the insoluble matter, which is consider- 
able, and which rests upon the bottom of the boiler. 
The liquor in this state is pretty nearly of the 
colour of small beer, but not quite so transparent. 
Sixteen gallons of fresh water are afterwards to 
be poured upon the insoluble dregs in the boiler, 
in order to separate the whole of the sulphuret 
fi:om them. When this clears (being previously 
well agitated) it is also to be drawn off and mixed 
with the first liquor ; to these again, thirty-three 
gallons more of water may be added, which will 
reduce the liquor to a proper standard for steeping 
the cloth. Here we have (an allowance being 
made for evaporation, and for the quantity re- 
tained in the dregs) sixty gallons of liquor from 
four pounds of sulphur. 
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Although sulphur, by itself, is not in any sennble 
degree soluble in water, and lime but sparingly so, 
water dissolving only about one seven hundredth 
part of its weight of lime j yet the sulphuret of 
lime is highly soluble. 

After the paste used by the weaver has been re- 
moved, the linen , is steeped in a solution of the 
sulphuret of lime, prepared as above, for about 
twelve or eighteen, hours. It is then washed, and 
steeped in oxymuriate of Ume. This process is 
repeated by six alternate immersions in each liquor. 

For the use of private f amiUes, where the linen is 
dirtied by perspiration or grease, it will be of great 
service towards rendering it white, to steep it for 
some time in a clear liquor, made by mixing one 
quart of quick-lime in ten gallons of water, letting 
the mixture stand for twenty-four hours, and then 
using the clean water drawn off from the lime. 
After the linen has been steeped in this liquor, it 
should be well washed as usual, but will require 
much less soap to be used. 

It is of great consequence in bleaching with the 
oxygenated muriatic acid, that it may be employed 
of a proper strength ; as a test to ascertain its 
strength, a solution of indigo in sulphuric ^dd is 
used. A certain quantity is put into a glass tube, 
and oxygenated muriatic acid is added until the 
colour of the indigo is destroyed : by the quantity 
of acid necessary to destroy the colour, its strength 
is estimated. 

Steam has been employed in bleaching in France 
with great success. The process was brought from 
the Levant. Chaptal first made it known to the 
pubHc. When an alcaline ley is boiled, a certain 
quantity of alcali always rises with the steam. The 
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cl6tfi 13 firat immened in weak caustic klcatinc 
liquor, and placed over a chamber constructed over 
a boiler, into vhich in put the alcaline \ey which it 
to be raiMd into steam. AAer the fire hat beea 
lighted, and the cloth has remained exposed to the 
action of the steam for a miflicicnt length of time, 
it u taken out« and immersed in the ox^rgenated 
muriate of lime, and afterwards ex|ioseiI for two 
or three days on the grass. 

This operation, which is very expeditions, is suf- 
ficient for cotton ; but if linen-cloth should still 
retain a yellow tint, a second alcaline vapour- bitllt, 
and two or three days exposure on the grass, will 
be lufficient to give them the necessary degree oi' 
whiteness. 

Bleaching qf Cotton. 

Cotton is R v^etable substance, and the pro- 
duction of a shrub that grows only in warm climates. 
It is a fine downy substance, in which the seeiU of 
the plant are inclosed. Cotton, in its natiiral state, 

icrallv ot" ft tlirtv vciluw. ami oinuiuc. bci 
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actidrl (if steiAtti i» vei^ 6ffl<ittdoiis in bleaching 
cottbns. 

Iri bleaching coftdn ibf calico-printings a (lure 
white is riot stt much sbught for, as that the oil 
may be Bntil-fely eitrtctfed. 

In applying the alcaline ley, great care must be 
tak^n that no lime Wmain^ in feU^pensibn irt the 
liquor, as it hiigHt be fiied in the cloths ; and when 
thri ^Iphuric acid is used, a sulphate of lime would 
bd foritiedi ikhibh in fact is a mordant for the 
miiclder ; hetibb the Utt^ fcould not be discharged 
frdth th6§^ i^arts intended to be T^hite« 

¥§f the ^me reason, the oxy muriate ef lime caa* 
nM be Used, if madder is to be discharged frcnn 
any part of the cloth; When this is thfe case^ otyc 
muriate of potash, or of soda, is substituted for 
oxyhiUriate ef lime. 



Bleaching qf WooL 

The bleaching of animal substances is somewhat 
different from the processes employed for vegetable 
substances. 

W(k)l is a sort of very fine hair which covers the 
bodies of some animals. Each hair is hollow^ and 
cbntains an oily matter. 

Wool is not easily acted upon by acids ; is unalter- 
able by water, cold or boiling ; but may be entirely 
dissolved by strong alcaline leys. On this account, 
the latter must be used with great caution* 

Wool is oiled before it is combed and spun, and 
the first operation is to free it from the oil which 
it has thus acquired. This is called scourhig. Stale 
urine, which contains ammonia or the volatile 
alcali» is mixed with water ; and the wool is im- 
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mersed in this for about twenty minutes, heated to 
56° Fahr. It is then taken out, drained, and 
rinsed in running water; then put into the bath of 
urine, and washed again. This is sometimes re- 
peated a third time, aud sometimes scouring with 
soap is used. 

FutUng the cloth adds also to its whiteness. 
Fulling is a species of scouring with a particular 
kind of earth called T"''!?'^* earth. It effectually 
removes all grease, from the chemical affinity 
existing between the alumina contained in the 
fuller's earth and the oil of the cloth ; and thusdis- 
poses the fibres to be entangled and matted toge- 
ther in the subsequent process of milling, employed 
to thicken the cloth, and render it stronger and 
firmer. 

Scouring entirely with soap is preferred when 
the articles are valuable. 

Sulphureous acid is also used for giving the last 
degree of whiteness. 

Sviphming is performed in the following man- 
ner. The articles to be whitened are suspended 
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is then taken out and rinsed, to remove the acid ; 
and afterwards washed with soap, to give a degree 
of softness. 

This mode of bleaching by the combustion of 
sulphur is also used for other substances, as straw 
in the manufacture of hats, &c. 

A superior method of employing the sulphureous 
acid in bleaching is the following. Water is im- 
pregnated with the sulphureous acid, and tubs are 
filled with this; then the stuffs are drawn through 
it upon reels, till they are whitened. The sulphur- 
eous acid is made by decomposing the sulphuric 
acid by the addition of any combustible matter 
capable of taking away a part of its oxygen. A 
cheap method of effecting this is by putting chopped 
straw, or saw-dust, into a mattrass, and then pour- 
ing over it sulphuric acid, and afterwards applying 
heat. The sulphureous acid gas will be formed, 
but will be combined with the water in the vessel. 

The stuffs are then taken out, and left to drain 
upon a bench covered with cloth; a precaution 
which is necessary, because the wood might be 
decomposed by the sulphuric acid, and would stain 
the goods. They are afterwards washed in clear 
water. It is generally necessary to sulphur them 
twice before the white is sufficiently bright. Some- 
times Spanish white is put into the water used for 
washing them ; and they are also azured or blued 
by disolving some Prussian blue in the water. 
Nothing then remains to be done but diying^ 
stretching, and pressing. 

Bleaching of Si lie. 

Silk is an animal substance, and is prepared by 
a caterpillar, usually called the silk-worm. This 
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iiisect inhabits warm climates, and caunot be reared 
in tliis country without difficulty, iior in sufficient 
quantity for the purpose of procuring silk. The 
souih of Europe and Aiija are its proper countries. 

The silk is spun by the silk-worm io the foiTti of 
threads ofa semi-trauspar^jnt matter, whicli it winds 
lip round itself when it passes into the crysali* 
state. The threads, when formed, are connected' 
together by a viscous substance, from which they 
must be separated before they can be wound ol^ 
by putting them into hot watei". 

The silk itself is covered with a yellow varnish, 
which is soluble in alcalinc leys ; and as this varnisfe 
conceals the lustre of the silk, it is necessary 
detach it. Silk is itself soluble in strong ^kallns 
leys ;i care must be taken, therefore, not to injure 
the silk in taking off'the vaniisii. Water at a boil- 
ing heat has no action on silk ; but steam dissolves 
its varnish. J 

In France they proceed as follows. They fill a" 
boiler with a very weak solution of caustic soda, 
and place in a chamber connected with the boiler, 
the skeins of raw siUc, wouijid en trames ; then tbey 
close the door of -the chamber, and make the solu- 
tion in the boiler boil. Having continued the 
- ebullition for twelve hours, they slacken the if«, 
and open the door of the chamber. Tjhe steam, 
which is always above 250° Fahr., will have dis- 
solved the gum of the silk. The skeins are then 
washed in warm water, wrung, and boiled a second 
time i then washed again several times with sosp, 
till they have acquired the necessary whiteness and' 
softness. 

It is not possible, however, to give to silk all the 
necessary splendour by this process alone ; to com- 
plete it, the silk must be exposed to the action of 



the sulphureous aci4i either in the form of ggs^ or 
combined with water, as directed for wool. 



Bleaching Prints and Printed Books. 

An application has been made of the new mode 
of bleaching to the whitening of books and prints 
that have been soiled by smoke and time. 

Simple immersion in oxygenated muriatic acid, 
letting the article remain in it a longer or shorter 
space of time, according to the strength of the li- 
quid will be sufficient to whiten an engraving. 

If it be required to whiten the paper of a bound 
book, as it is necessary that all the leaves should 
be moistened by the acid, care must be taken to 
open the book well, and to make the boards rest 
upon the edge of the vessel in such a manner that 
the paper alone be dipped in the liquid : the leaves 
must be separated from each other, so that they 
may be equally moistened on both sides. 

The liquor assumes a yellow tint, and the pa- 
per becomes white in the same proportion j at the 
end of two or three hours the book may be taken 
from the acid liquor and plunged into pure water, 
with the same care and precaution as recommended 
in regard to the acid liquor, that the water may 
exactly touch the two surfaces of each leaf. The 
water must be renewed every hour, to extract the 
acid remaining in the paper, and to dissipate the 
disagreeable smell. 

By following this process, there is some danger 
that the pages will not be all equally whitened, 
either because the leaves have not been sufficiently 
separated, or because the liquid has had more ac- 
tion on the front margins than on those near the 
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binding. On this account, the best way is to de- 
stroy the binding entirely, that each leaf may 
receive an equal and perfect immersion ; and this 
is the second process recommended by M. 
Chaptal. 

•' They begin," says he, " by unsewing the book, 
and separating it into leaves, which they place in 
cases fonned in a leaden tub, with very thin slips 
of wood or glass ; so that the leaves, when laid flat, 
are separated from each other by intervals scarcely 
sensible. The acid is then poured in, making it 
fall on the sides of the tub, in order that the leaves 
may not be deranged by its motion. When the 
workman judges, by the whiteness of the paper, 
that is has been sufficiently acted upon by the 
add, it is drawn off by a cock at the bottom of the 
tub; and its place is supplied by clear fresh water, 
which weakens and carries off the remains of the 
acid, as well as the strong smell. The leaxes 
arc then to be dried, and, aAer being pressed, may 
be again bound up. 

"The leaves may be placedalso vertically in the 
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" By thia operation, books are not only cleaned, 
[• but the paper acquires a degree of whiteness su- 
■perior tn what is possessed when first made. 

" The use of this acid is attended also with the 
valuable advantage of destroj'ing ink-spots. This 
liquor has no action upon spots of oil or animal 
grease ; but it has been long known that a weak 
solution of potash will effectually remove stains of 
that kind. 

" When I had to repair prints so torn that they 
exhibited only scraps pasted upon other paper, I was 
afraid of losing these fragments in the liquid, be- 
cause the paste became dissolved. In such cases, 
I enclosed the prints in a cylindric glass vessel, 
which I inverted on the water in which I had put 
the mixture proper for extricating the oxygenated 
muriatic acid gas. This vapour, by filling the 
[whole inside of the jar, acted upon the print, ex- 
I tracted the grease as well as ink-spots, and the 
Ifragments remained pasted to tlie paper." 



Bleacliing qf Paper. 

The oxygenated muriatic acid has also been ap- 
plied to the bleaching of paper, which it has ren- 
dered considerably more expeditious. 

Bleacidng of old printed papers to be worked up 
again. — Boil the paper for an instant in a solution 
of soda, rendered caustic by potash. Steep it in 
soap water, and then wash it, alter which the pa- 
per may be reduced to a pulp by the paper-mill. 

Bleaching qf old -written papers to be worked 
ag'oin. — Steep the papers in a cold solution of sul- 
phuric acid in water, after which wash them before 
I they are taken to the mill. If the acidulated wa- 
iter be heated, it will be the more effectual. 

VOL. 11. N 
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Bracking nf printed papers mt/umt deanymg 
Me terture tf the kave$, — Steep the leaves in a 
caustic Botudon of soda, and aftervards io out of 
tfovp. Arrange the sheets alternately between 
cloths in the mdw manner as paper-makers diapwe 
their sheets of paper when delivered from the 
form. Put the leaves in a press, and they will be- 
come whiter, unless they were origiiiolly loaded 
with priuters* ink or size. Jf this should not com- 
pletely effect the whitttiinjT ol' the leaves, repeat 
the process n second, or even a third time. 

Bteackhig coloured rags to make Khite paptr. — 
Soak or macerate the raga sufficiently -, put thcni 
into a solution of caustic alcali, and then into the 
erygetated muriatic add ; and, Ustly, steep them 
into diluted sulphuric add. 

DYEING. 

Dyeing is the art of extracting the colouring 
principle from different substances, and transfer- 
ring them to wool, silk, cotton, or linen. When 
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cloth. The eolouiiflg matters arCj for the jtnrfst 
part, extracted from animal and vegetable sub- 
stances, and have usually the colour which they 
give to the cloth. 

The particles of these colouring matters apt>tfat 
to be transparent, because the original colour of 
the cloth will appear through them. The cdlour 
of dyed cloth, therefore, does not depend upon the 
dye alone, but also upon the previous colour of the 
cloth. TTius, if the cloth be black it will not re*- 
ceive a dye of any colour; and hence it is neeeis* 
sary, that the cloth should be white, if we wish to 
dye it of a very bright colour. 

The colouring matter, or dye-stufl^ must be dis- 
solved in some liquid, that the particles may be 
precipitated upon the cloth ; and it is essential 
that its affinity for this solvent should not be so 
strong as for the cloth to be dyed. 

Thus the facility with which cloth imbibes a dye 
depends upon two thitigs ; namely, the affinity be- 
tween the cloth and the dye stuff, and that between 
the dye stuff and its solvent. Much of the accu- 
racy of dyeing depends upon preserving a due 
proportion between these two affinities. If the 
affinity between thedye-stuff and cloth, compared 
with that between the dye-stuff and the solvent be 
too great, the cloth will receive the dye too quickly, 
and the colour will be apt to be unequal : and if 
the affinity between the dye-stuff and the solvent be 
greater than between the dye-stuff and the cloth, 
the latter will scarcely receive the dye, or, at least, 
very faintly. 

Wool has the strongest affinity for colouring- 
matters ; silk the next strongest ; cotton has much 
less affinity ; and linen has the least of all. Hence 
the dye-stuff for cotton or linen should be dissolved 

n2 
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in substances which they have less affini^ for, than 
when silk or wool are to be dyed. Thus iron dis- 
solved in the sulphuric acid may dye wool ; but 
when it is intended to dye cotton and linen by 
iron, the latter should be dissolved in the acetous 
acid. 

There are few colouring substances that have, 
of themselves, so strong an affinity for cloth as to 
answer the purpose of dyeing so as to remain per- 
manent; and, on this account, an intermediate 
substance is employed, that has a decided attraction 
for both the colouring matter and the cloth, thuH 
serving as a bond of union between them. Tliix 
substance is previously combined with the cloth, 
which is then dipped into the solution containing 
the dye-stuff. The dye-stuff combines with the in- 
termediate substance, which being firmly combined 
with the cloth, secures the permanence of the dye. 
Substances employed for this purpose are deno- 
minated mordants. Instead of this some prefer the 
tenn basis. 

The most important part of dyeing consists in 
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■\Vlien alum is used as a mordant, it is dissolved 
in water, and sometimes a quantity of tartar is 
added. The clotii is put into this solution, and 
kept till it has absorbed as much alumine as is ne. 
cessary. It is then taken out, and is washed and 
dried. A quantity of aiumiiie has by this process 
combined with the fibres of the cloth, which is 
perceived by the latter weighing more than before. 
The addition of the tartar, or tartrate of potash, is 
made on two accounts ; the potash which it contains 
combines with the sulphuric acid of the alum, and 
thus prevents that very corrosive substance from 
injuring the texture of the cloth : the tartareous 
acid, on the other hand, combines with part of the 
alumine, and forms a tartrate of alumine, which is 
more easily decomposed by the cloth than alum. 

Acetate of alumine is used as a mordant for 
cotton and linen, which have a much less affinity 
than wool for alumine. The alumine is retained less 
powerfully in a state of combination by the acetic 
than by the sulphuric acid ; and, therefore, cotton 
«nd linen are better able to separate it and attach 
it : also the acetic acid being volatile, gradually 
leaves the earthy basis, and allows the aiumine to 
unite to the stufl' 

This mordant is now prepared by pouring acetate 
of lead into a solution of alum ; on which a double 
decomposition takes place ; the sulphuric acid com- 
ibines with the lead, and the sulphate of leadpre- 
apitates in the form of an insoluble powder, while 
the alumine combines with acetous acid, and 
remains in the liquor. 

This mordant gives a richer colour than alum. 

Lime is also sometimes employed as a mordant : 
but it does not answer so well in general, not giving 

good a colour. It is used either in the state 
N a 
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of lime water, or as sulphate of lime dissolved in 
water. 

Although all the metallic oxides have an afBnit)* 
for cloth, only two, the oxides of tin and of iron, 
are much used as mordants. 

The oxide of tin ts one of the most v'ahiablc mor- 
dants, and it the only one by which scarlet, the 
brightest of all colours, can be {irodticcd. It was 
first brought to London by Kar^ten, a (icrman, in 
1A43, which period forms an epoch in the history 
of dyeing. 

Frouat has shown that tin lias two oxides. The 
fira^ or grey oxide, consists of seventy parts of tin, 
and thirty oxygen : the second, or white oxide, of 
MXty parts of tin, and forty oxygen. The first o.\ - 
ide absorbsoxygen rapidly from tlic air, and becomes 
converted into the white oxide. It is, (hercfore, 
the white oxide alone that is the real mordant ; 
«nce if the first were applied to cloth, as it proba- 
bly often is, it must soon be converted into the 
white oxide by absorbing oxygen. 

Tin is used as a mordant in three states } dis- 




tartar is added. The dodi is then put i^ m^ kept 
till it ii saturated* A double decomposition take^ 
place ; the nitro-muriatic acid combines with the 
potash of the tartar, while the tartareous add dis- 
solves the oxide of tin. When tartar is used, 
therefore^ in any considerable quantity, the mor- 
dant is not a nitro-muriate, but a tartrate of tin. 

The murio-sulpliate qftirij produced by dissolving 
tin in muriatic acid, combined with about one- 
fourth of its weight of oil of vitriol, is also a valuable 
mordant, and is preferable to the last for sonie pur- 
poses ; it is also less expensive. 

The oxide of iron is also a very useful iqordant, 
and all kinds of cloth have a strong affinity tor it. 
The permanency of the iron spots on liiien and 
cotton is a sufficient proof of this. Iron, as a mor- 
dant, is used in different states. Wool is dyed 
generally by means of the sulphate of iron, which 
may also be used for cotton. Acetate of iron, pre- 
pared by dissolving iron in vinegar, sour beer, &c.s 
is preferable for some purposes. The pjrro-lig- 
neous acid, which differs from the acetic only in 
having in combination a certain quantity of empy- 
reumatic oil, is at present preferred to the sulphuric, 
or acetic. 

The astringent principle, or tannin^ is also em- 
ployed as a mordant, and has a strong affinity for 
cloth, and also for colouring matters. An infusion 
of nut-galls^ sumach^ oak hark^ ox any other sub- 
stance containing tannin, is made in water, and the 
cloth is kept in it till it has absorbed a sufficient 
quantity of tannin. Silk has so strong an affinity 
for tannin, that manufacturers sometimes employ 
this circumstance" to increase the weight of their silk. 

A compound mordant is sometimes produced by 
impregnating the cloth first with oil, thei) with the 

N 4 
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utringent principle* aod, lutly, with the aliuBinous 
morduit. Hus is employed in dyeing the Adiia- 
nc^le red. 

Several other substances are used as mordants 
occasionally, either as principals, or to facilitate the 
combinations of others with the cloths ; such as m> 
trate of bismuth, oxide of arsenic, corrosive sub- 
limate, acetate of lead, sulphate, or acetate of 
copper, tic. 

The chief use of mordants is to render the dyes 
permanent, but they have also considerable in- 
iluence on the colour produced : thus, the same 
colouwng matter will produce very di^rent dyes, 
according to the mordant used to fix it. If the 
aluminous mordant be used for cochineal, thecolour 
will be crimson ; but if the oxide of iron be used for 
the same colouring matter, black will be the result. 

It is necessary, therefore, to choose such mor- 
dants and colouring matters as tt^ther shall pro- 
duce the denred cdour. Aod this principle 
enables us also to produce various colours with 
the same tlvc-stiit!) uiily by changing the mordant. 
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In dyeing, the water employed should be as 
pure as possible, and the exact temperature in each 
process should be attended to. The dye-houses 
should be spacious, light, and airy, and cleanness is 
essentially necessary. The stuffs are supported in 
the cauldrons, or baths, by proper apparatus, and 
are drawn throu^ them by a winch, or reel. 

Of Dyeing Red. 

The colouring matters employed for dyeing red 
are cochineal, kermes, madder, lac, Brazil-wood, 
logwood, and carthamus. Cochineal is a s^tfe^ 
of insect (the coccus cactiy Lin.) brought from 
America. The decoction of it affords a very bright " * 
crimson colour, inclining to violet When ahkti 
is added to this decoction, it combines with its 
colouring matter, and forms a red precipitate. 
Muriate of tin gives a still more beautiful colour. 

Kermes is also an insect found in several parts 
of Asia, and the south of Europe, which furnishes 
a red dye, by some thought not inferior to cochi- 
neal, but which has not been so much used since 
the introduction of the latter. 

Madder is the root of a plant (rubia tinctorium, 
Lin.) The colouring matter of madder is extracted 
by water, either cold or hot, and precipitates of 
various shades of red may be obtained by alum, 
chalk, acetate of lead, and muriate of tin. 

Xflc is a colouring matter of animal origin, pro- 
duced in the East Indies, from the coccus lacca, a 
small winged insect. Tliis insect forms cells for 
its young, as regular as the honey-comb, but diffe- 
rently arranged ; and the lac is procured from the 
substance of which these cells are made. The whole 
matter of these cells is called stick lac; when the 
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red colouring natter it extracted by vater, what 
remaiim is a resinous substance called sMeUlac, used 
for various purposefi, as varnishes, sealing wax, &c. 
'Water dissolves lac, and the decoction is of a deep 
crimson colour. The precipitate, with alum or 
nitro-muriate of tin, forms a fine red. 

Brazil-wood it an article used in dyeing. It is 
the central part of a targe tree, thatgrowit in Brazil. 
It is heavier than water, and aflbrdi a decoction of a 
red colour with water. The [irccipitatc, with ahim 
and Ditro-muriate of tin, is a fine red. 

Pcach'TL-ood gives a colour inferior to Brazil, and 
alas in smaller quantity. 

i^ogwood affords a colouring matter extensively 
used in dyeing. It is verj' heavy, and sinks in 
water. Its decoction is yellow, but by alum bc- 
comea vi<^et or purple ^ by sulphate of iron it 
becomes black. 

Carthamtu is the 6ower of a plant cultivated in 
Spain and the Levant. It contains two coloiirin<r 
matters ; a yellow, which is soluble in water ; and 
a red, which is insoluble in water, but soluble in 
alcalinc carbonatt. Ttie red colouriiiK matter of 




the red produced by cochineal alone is^ rather a 
crimson than a scarlet; and as the colour of scarlet 
is, in fact, crimson and yellow, some yellow dye, 
or fustic, turmeric, or quercitron bark, is added to 
the cochineal in the first bath. 

Into thi3 the cloth is put, and boiled for two 
hours. It is then washed, and afterwards put into 
a second bath of cochineal, which is called the red- 
dening. When crimson is the colour to be given 
to the clotby the tin mordant is the best; but some- 
times the dyers use the alum for this purpose, and 
then a decoction of cochineal. The addition of 
archil and potash renders the crimson darker, and 
gives it more bloom, but this is very fugitive. For 
pdier crimsons, some madder is substituted for a 
portion of the cochineal. Wool is dyed madder-red, 
by boiling it first two or three hours with alum and 
tartar, and then in a bath of madder. 

Silk may be dyed crimson with cochineal or 
Brazil-wood, and sometimes carthamus is used. The 
nitro-muriate of tin is the best mordant, but alum 
may be also used* Madder does not give a colour 
sufficiently bright. 

Poppy colour, cherry, rose, and flesh colour, are 
given to silk by carthamus or Brazil-wood. When 
the carthamus is employed, AM alcaline solution is 
made, and as much lemon-juice as will give it a 
fine cherry-red is poured into it. 

It is extremely difficult to give silk a scaHet, and 
it is scarcely possible to give it a full scarlet. The 
murio-sulphate of tin, as a mordant, is first used, 
then the bath of cochineal and quercitron, and 
lastly, the cochineal bath alone. A colour approach- 
ing to scarlet may also be given to silk, by dyeing 
it first crimson, then dyeing it with carthamus, and 
lastly yellow, without heat. 
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Cotton and linen are dyed red with madder. 
Cochineal, which gives so fine a red to wool, by the 
nitro-muriate of tin, communicates only a dirty red 
to cotton and linen, by the same means. 

Madder reds are of two kinds. 1. T^e common 
madder red, which is formed by impregnating the 
cotton or linen with galls, and aftcrwardii alumed, 
and then putting them into the madder bath. 
2. The Adrianople, or Turkey red. This process 
was brought from tlie East It is more durable 
and more beautiful than the common red. The 
doth is first impregnated with oil, then with galls, 
and lastly, with alum. It is then boiled for an 
hour, in a decoction of madder, which is commonly 
mixed with a quantity of blood. At^er the cloth is 
dyed, it is plunged into a soda ley, in order to 
brij^ten the colour. The chief difficulty is in 
the application of the mordant, which is the 
most complicated employed in the whole art of 
dyeing. 

Cotton may be dyed scarlet by the muriu-sul- 
phate of tin, cochineal, and quercitron bark ; but 
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It is not possible to give to cloth a permanent 
yellow colour without the use of mordants. Alum 
is the most usual mordant. Wool is dyed yellow 
by weld, by the use of alum and tartar. Quercitron 
bark gives nearly the same colour, but more abun- 
dantly, and it is rather cheaper than weld. The 
process is as follows : boil the cloth for an hour or 
more in a solution of alum, and then immerse it in 
a bath of quercitron bark. Next add a small quan- 
tity of clean powdered chalk, and continue the 
boiling for eight or ten minutes. The yellow thus 
given will be as good as that obtained from weld. 

If very bright yellows are required, the tin mor- 
dant must be used ; and sometimes alum is added 
to the tin. 

If an addition of tartar be made to the mordant, 
the yellow will have a slight tinge of green* 

If an orange or an aurora be required, a smaU 
portion of cochineal must be added. 

Silk used formerly to be always dyed yellow 
with weld, but quercitron bark is now found to 
answer equally well, and at less expense. The 
proportion should be from one to two parts of bark 
to twelve pounds of silk, according to the particular 
shade of colour wanted. The bark, powdered and 
tied up in a bag, should be put into the dyeing 
vessel whilst the water is cold, and as soon as it 
becomes blood warm, the silk previously alumed 
should also be put in and dyed as usual, and when 
the shade is required to be deep, a little chalk or 
pearl-ashes may be added towards the end of the 
operation. 

When very lively yellows are required, a little of 
the murio-sulphate of tin may be employed as a 
mordant in addition to the alum. Aunotto com- 
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Biunicates an aurora colour to silk, the ec^oor of 
the annotto is extracted by means of alcafi. 

To dye cotton and linen yellow, proceed as fol- 
lows. Take a siiflicient quantity of the acetate of 
alumine, formed by dissolving one pound of sugar 
of lead, and three pounds of alum, and the cotton 
or linen being properly cleansed, immerse it in this 
mordant (which ought to be blood warm) for two 
hours, let it be then taken out and moderatelv 
pressed or squeezed over a propCT" vessel, to prevent 
the unnecessary waste of the mordant, dry it in a 
stove heat, and soak it again in the aluminous mor- 
dant; it is then taken out, and again pressed and 
squeezed as before ; after which, without being 
rinsed, it is thoroughly wetted in as much, and 
only as much, lime-water as will conveniently suf- 
fice for that purpose, and afterwards dried. The 
aoaking in the acetate of alumine may be again re- 
peated, and if the shade of yellow is required to bu 
very bright and durable, the alternate wetting with 
lime water and soaking in the mordant may be re- 
peated three or four times. Thus a sufficient quan- 
ombiued v 
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To dye nankeen ydlow, boil the cotton in a so- 
lution of carbonate of potash, and then dip it in a 
solution of the red sulphate of iron. 



. QfDtfeing Blue. ^ 

There are but few substances capable of furnish- 
ing blue dyes. The only vegetable products are 
indigo and wood. Indigo is a rich blue colour 
procured from the fecula of a species of plant that 
is cultivated in America, and also in th,e East Indies. 
The colouring matter is extracted by water, and is 
at first green, but immediately absorbs oxygen, 
and then assumes a blue colour. It becomes at 
the same time insoluble in water, but is soluble in 
sulphuric acid. 

As indigo has a very strong affinity for wool, silk, 
cotton, and linen, a mordant is unnecessary in dye- 
ing with it. The colour is very permanent, because 
the indigo being already saturated with oxygen, to 
which it owes its blue colour, is little liable to be 
decomposed. But it is essential that the indigo 
be applied in a state of solution in order to attach 
itself to the cloth. 

A solution of indigo in the sulphuric acid is used 
for dyeing wool ; this is called Saxon blue^ and it 
gives a very beautiful colour. But it will not do 
for dying cotton or wool, because their aflSnity for 
indigo is not sufficiently great to enable them to 
decompose the sulphate of indigo. 

To dye by the sulphate of indigo, dissolve one 
part of indigo in four parts of concentrated sul- 
phuric acid ; add to the solution one part of dry car- 
bonate of potash, and dilute the whole with eight 
times its weight of water. Boil the cloth for an 
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hour in a solution of live parts of alum* utd three 
of tartar, for every thirty-two parts of cloth. The 
cloth is then to be put into a bath of sulphate of 
iodigo, diluted according to the strength of shade 
required, and kept till it has acquired the desired 
colour. The use of the alum and tartar is not to 
act as mordants, but to facilitate the decomposition 
of the indigo. The alcati is added to the sulphate 
for the same reason. Another use of these sub- 
stances is, that they protect the cloth trom the action 
of the sulphuric add, by neutralizing part of it, 
otherwise the texture of the cloth might be 
injured. 

This, however, is not the most common method of 
dyeing by indigo. The usual method is to deprive 
the indigo of the oxygen which has been combined 
with the green fecula, and to which it owes its blue 
colour, and thus reduce to the green state again. 
It is then capable of being dissolved in «'ater by 
means of the alcalies or alcaliue earths, which act 
upon it ver)' readily in that state. 

To dye wool blue, indigo is mixed with wood* 
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or wood is to be added. When the wool or doth 
is to be put into the indigo vat to be dyed, it 
should be wrung out of tepid water, and then in- 
troduced into the vat, where it should be kept for a 
longer or shorter time according to the strength of 
shade required. After being taken out, it is es> 
posed to air, when the green colour which it had 
imbibed in the vat is changed to a blue by the 
absorption of the oxygen of the atmosphere. It is 
then to be carefully washed. 

Woad itself contains a colouring matter exactly 
similar to indigo, and indigo may be extracted from 
it, but the quantity is small. 

Cotton and linen are dyed blue by putting the^ 
indigo into a solution of some substance that has 
a stronger affinity for oxygen than the green bases 
of indigo. Green sulphate of iron, and metallic 
sulphurets answer this purpose, the green sulphate 
attracts the oxygen from the indigo, and reduces 
it to the green state, in which it is dissolved by 
lime added to the solution. The cloth is then put 
into the bath. 

Silk is dyed blue by indigo fermented by bran 
and madder, and the indigo dissolved by potash. 
, If the shade required be dark, it is dyed first with 
archill, which is called giving it 2l ground colour.n 

Of dyeing Black. 

The substance that produces the black dye is the 
ianno'gallate of iron. Decoctions of many vege- 
tables strike a black with a solution of the red 
oxide of iron. Of these nut-galls give the most 
copious precipitate. 

Logwood is generally employed as an auxiliary, 
because it communicates lustre, and adds consider-^ 
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ably to thti fullness of the black. The decoction 
of logwood which is reddish becomes black by 
sulphate of iron. 

To dye cloth or wool black, the first process 
generally is to dye it blue, which renders the black 
to be given more intcnsp. If the cloth be coamc, 
and the blue dye too expensive, a brown dye mav 
be given by means of walnut peels. It is then 
boiled for two hours in u decoction of nirt ^alls, 
and then for two hours more in a halli cuniposed 
of logwood and sulphate of iron, at a scaldinj; lu-at. 
but not boiled. During the operation, it must lie 
frequently exposed to the air. The common pro- 
portion are five parts ut' gulls, five of sulphate ol' 
iron, and thirty of logn'ood, tor every KX) of riotli. 
For coarse cloths the previous blue dye in umitteil. 
The cloth is then washed and fulled. 

sat is dyed black xs follows. AfVcr boiling it 
with soap, it is galled, and afterwards waslii-it. It 
combines with a considerable portion of the astrin. 
gent principle, and increases in weight. It is then 
dipped into a bath of >ul|iliate of iron an^l j 




(rreeris are formeci of bliies and yellows^ H^ool 
is dyed green by dyeing it first bliie of a 3eptK qf 
shade siiflBcient for the required kind of fereeni It 
is then washed ahd boiled in a bath bf welil ^hd 
tartar, or any of the processes used for dyeing blue 
aiid yellow inay b(i iisedl Varioiis shades will be 
given by different fjro'portioris bf the dyeifig raa^ 
tierials. The green called Saion green is obtaihed 
by solutions of indigo in sul^hiiric acid, somefiffi^ 
^ercitron bark is iised. Another j)r6c^ss for 
Saxon green is by the qiiercitron bsirk,' and Ifl^n a 
bath of the muno-siil^hate of tiii ahd aliim wii& 
sulphate of indigo. 

Purples, violets, Sc. — AH the shades of Inese 
colours are formed of blue and red. Sometinfes 
the clotti is dyed blue and then scarlet, and s6ink' 
times cochineal is ihixed with sul^liate bf in^j^p, 
and the pur|)le dyed at once. Silk is dyeii first tif 
cochineal arid afterwards by indigo. Cottoii aiid 
linen are dyed blue, thien galled, and fcoiled in 
logwood: 

Orange colours are produced by mixtures of 
yellow and red. Wool is first dyed scarlet and 
then yellow. 

OUve is bliie combined witK fed and yellow. 

Cinnamon colour is given to wool fcy dyeing it 
first with riiadder, then yellow. Silk is dyed the 
same colour by logwood, Brazil- wood, and fustic. 
Cotton and linen receive a cinnamon colour by 
weld and madder. 

Brown is given to cloth by quercitron bark, or 
by walnut peels. 

When wahiut peels, or the green covering of the 
walnut, are first separated, they are white internally, 
but soon assume a brown or even a black colour 
on exposure to the air. They readily ^Ive lip their 
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colouring matter to water. It is common to keep 
them in water for a year before the/ are used. 
Wool is dyed brown with them hy steeping in a 
decoction for a length of time proportioned to the 
depth of colour required. The same colouring 
matter is found in the root of the walnut-tree, but 
in smaller quantity. Other trees, as the bark of the 
birch may be used for dyeing browns, and in these 
cases it is probable tliat the colouring matter is 
combined with the tanning principle, and this may 
be the reason why no mordant is necessary, both 
the cloth and colouring matter having a strong 
affinity for tannin. 

DrtU> colours are dyed by combining brown 
oxide of iron with the cloth, and then the yellow 
of quercitron bark. The strength of shade will be 
more or less, by varying the quantity of the mor- 
dant, when the proportion is small the colour in- 
clines to olive or yellow, on the contrary the drab 
may be deepened or saddened, as the dyers term 
it, by mixing a little sumach with the bark. 
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The process of calico-printing consists in impreg- 
nating those parts of the cloth which are to receive 
the coloured pattern with a mordant, and then dye- 
ing the cloth by the usual methods. The dye is 
firmly fixed to that part only where the mordant 
has been applied ; and, although the whole cloth 
has received the tint, yet the colour will be easily 
discharged from the unmordanted parts by washings 
and exposing on the grass to the sun and air for 
some days with the wrong side uppermost. Thus, 
suppose a pattern had been applied to white cloth 
with a solution of acetite ofalumine, and that thea 
the whole was dyed with madder ; when taken out 
of the dye-vat the whole cloth would be red ^ but, 
by washing and bleaching, the madder will be dis- 
charged from every part of the cloth except where 
the acetite ofalumine had been applied ; and, con- 
sequently, the pattern alone will appear red. In 
the same manner the patterns may be applied of 
any other colour by varying the dye, as quercitron 
bark or weld for yellow, &c. 

Two mordants are particularly employed in ca- 
lico-printing, acetite of alumine, and iron dissolved 
in some vegetable acid. 

The acetite ofalumine is made by a^double de- 
composition of alum and sugar of lead. When iron 
is used as a mordant, it is dissolved in vinegar, 
soured beer, or pyroligneous acid ; and it is, there- 
fore, an acetite of iron mixed with a portion of tar- 
trite, gallate, and, perhaps, other salts of the metal. 

When the colour of the required pattern varies 
in different places, this effect is produced on the 
cloth, by impregnating the several parts with vari- 
ous mordants. Thus, if one part is printed with 
acetite of alumine, and another with acetite of iron, 
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and thf wlioU' cloth aHcrwardn dyed with mad- 
der ami bleached, the [latteni will appear in 
red anil brown. 

* Tlie mordants are applied to the cloth cither by 
a pencil, or \ty means of blocks on which the pat- 
t'ern is cut. Care must be taken that the printing 
frpm the block does not spread, or that the impres- 
sions from the several blocks do not intertere with 
ojic'another when more than one is applied. For 
this purpose it is necessary, that the substance used 
aa mordants should have a degree of^ consistence 
that may prevent them from spreading, (lour 
pfiste, or starch, is mixed with the mordant when it 
is applied by blocks, antl gum arabic when it is 
but on 'by a pencil, 'lliis thickenjng reqnircs exact- 
ness: if too little is used, the pattern will spread; 
ah(l, if too much, the cotton will not receive a suf- 
ficient quantity of the morilant, and will take the 
dye imperfectly. 

In order that the impression given by the blocks 
with the mordant may be Been easily before it is 
dyed, 1 lie mordant is tinged with some colouring 
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water and cow-dung ) this, also^ discbarges suph 
parts of the mordant as are not properly fixedf 
enough being still lefl to fix the dye. The c)pt}i 
is then rinsed i^ cl^ar water. It is then dyed in 
the usual manner. 

The prinpipal dye-stuffs used by calico-priqtepa 
are indigo, madder, quercitron bark, and weld* 

Afler dyeing, the cloth is well was^edf ei^po^d 
on the grass, and bleached ; by which all the p^rts 
not touched by the mordant are restpred to i^^vf, 
original whiteness. 

In this manner various colours ipay be given bj^ 
one dyeing, merely by varying the mqrdant* Thus, 
if one pattern be printed with alum alone^ a seco))d 
with a mixture of alum and iron liquor^ ^ third 
with iron liquor, alone, and a fourth with iron li- 
quor and galls, and the piece be afterwards dyed 
with quercitron or weld, and the grpund bleacbf|d 
in the usual manner ; the first pattern will be pi)r§ 
yellow, the second will be olive, the third of a dfurl^ -^^f- 
drab colour, and the fourth nearly black, w||})e 
the ground will be white. 

As indigo does not require any inordant, it is 
applied at once, either by a pencil or by a blodf; 
and paste. But, as has been mentioned under dye- 
ing, indigo will not combine with the cloth except 
in its disoxygenated or green state ; and, if appUe4 
thus by the pencil, it would return to the blue s|ate 
before it had time to fix upon the stufi^ The in- 
digo i^, therefore, prepared by boiling with potasji} 
made caustic by quicklime, to which is acjd^ 
orpiment for the disoxygenation of the indigo* 
This solution is thickened with gum. )t must pe 
excluded from the air, otherwise it would attract 
oxygen and return to the blue or insoluble state. 
Dr. Bancroft proposed substituting brown sugar 

o 4 
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for orpiments, as it is equally efficacious in disoxy- 
genating the indigo, and will also serve instead 
of gum. 

Some calicoes are printed only with one colour j 
others have two ; others three, or more, «ven to 
the number of eight, ten, or twelve. The smaller 
the number of colours, the fewer are the processes. 
To give an example where six coloura are used. 

1. A nankeen yellow, of various shades down to 
a deep yellowish brown or drab, is given by acetite 
of iron put on with gum or paste, and afterwards 
plunged into the potash ley. 

2. Yellow, by a mordant of acetite of alumine, 
the dyeing by quercitron bark and bleaching. 

3. Red, by the last process, only madder is sub- 
stituted for the bark. 

4. Light blue is given by making a block for all 
those parts that are to be white, and printing by 
it on the cloth a composition of which wax is the 
principal ingredient, or pipe- clay and paste. The 
cloth is then dyed in a cold indigo vat, and the 
wax removed by hot water. 

5. Lilac flea-brown, and blackish brown, are 
^ven by acetite of iron, and dyeing afterwards 
with madder. 

6. Dove-colour and drab, by acetite of iron and 
quercitron bark. 

The same mordant will frequently do for several 
colours. Thus, suppose one part of the cloth 
should be printed with acetite of alumine, another 
with acetite of iron, and a third with a mixture of 
these two mordants, and the whole afterwards dyed 
with quercitron bark ; then the following colours 
would appear, viz. yellow, drab, olive; and various 
depths of shade will be given by varying the pro- 
portions of iron in the mordant. 
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If some parts of the yeDow be covered over wifh 
the indigo liquor, applied with a pencil, it will be 
converted into green. By the indigo, also, any 
parts that are required tct be blue may be pencilled. 

If, instead 6f quercitron bark, the cloth printed 
with the three mordants just mentioned be dyed 
with madder, then the colours exhibited will be 
red, brown or black, and purple. 

Other processes are still more complicated when 
a great number of colours are required. New 
mordants are applied to parts of the pattern alrea- 
dy printed, and the cloth again dyed, by which 
those parts only receive a new colour. , 

Sometimes the dye stuff and the mordant are 
mixed together in the first instance, and printed on 
the cloth, which is a great saving of time and ex- 
pense ; but the colours thus produced on the cloth 
are not permanent: washing, or even exposure to 
the air frequently destroys them. 

TANNING. 

Tanning ia the art of converting the raw skins of 
animals into leather. 

The skin is composed chiefly of two parts, a thin 
white elastic layer on the outside, which is called 
the epidermis^ or cuticle ; and a much thicker layer, 
composed of a great many fibres, closely inter- 
woven, and disposed in different directions: this 
is called the cutis^ or true skin. 

The epidermis is that part of the skin which is 
raised in blisters. It is easily separated from the 
cutis by maceration in hot water. It possesses a 
very great degree of elasticity. It is totally inso- 
luble in water and alcohol. Pure fixed alcaJis dis- 
solve it completely, as does lime likewise though 
slowlv. 
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WhcD a portioD of cutis is maceiBted for some 
hours in water, with agitation and preuurc, the 
blood, and ail the extraneous matter with which it 
wa3 loaded, are separated from it, but its texture 
remains unaltered. On evaporating the water em- 
ployed, a small quantity of gelatine may be ob- 
tained. No subsequent maceration in cold water 
has any farther effect ; the weight of the cutis is 
not diminished, and its texture is not altered ; but 
if it be boiled in a sufficient quantity of water, it 
nu^ be completely lUssolved, and the whole of it, 
by evaporating the water, obtained in the stale of 
gelatine. 

It was mentioned, when treating of chemistry, 
t)iat gelatine with tanain, or the loaning principle of 
v^etables, formed a combination, wliich is inso- 
luble in water. Upon this depends the art of 
ffialtitig kather ; the geUtioous part of the skin 
combining with the tannin <£ the bark usually 
employed. 

The process which has long been UHed in this 
country is as follows ; the leather tanned in Kng> 




c|eaijsc it from ^he cjirt, &€• which b^jpg c|iH?e, |lic 
hide is again, spread on the wooden beam, an4 the 
gfease, loose ^esh, extraneous fj{(l^ &c. carefully 
scrubbed out or taken o^; the bides are thep put 
int^o a pit of strong liquor, called oo^e^ prepared ix\ 
pits kept for the purpose, by infusing groun4 hark 
in Walter ; this is termed colouring ; after which 
they ^re {•emoved into another pit called ^ ^row^r- 
irj^j which consists of water strongly impregnate^ 
wj^h vitfiolip ?cid,Qr with a vegetable acidi preparecj 
ffCjm ry^ or barley, f his operation (which is C4lle4 
raifiifig)^ by distencjipg the pores of the hides, occa- 
slops them more readily to imbibe t^e opze, the ^- 
fect of which is to combine with the gelatinous part 
of the skin, and form with it leather. The h^des are 
then \2i\(ien out of the scowering, and spread smooth 
in a pit con[^monly filled with water, caHe4 a fyinder, 
with a quantity of grpur^d bark strewed between 
e^ch. After laying a naonth or six weeks, they are 
tj^k^n up ; and the decayed bark and liqHpi; he^ng 
drawn out of the pit, it is filled again with stroi\g 
ooze, when they are put in as before, with bark 
between each hide. They now lie two or three 
months, at the expiration of which the same oper- 
ation is repeated j they then remain four or five 
months, when they again undergo the same process, 
and after being three months in the last pit, are com- 
pletely tanned; unless the hides are so remarka\)ly 
stout as to want an additional pit or layer. The 
whole process requires from eleven to eighteen 
months, and sometimes two years, according to the 
substance of the hide, and discretion of the tanner. 
When taken out of the pit to be dried, they are 
hung on poles, and after being conij)ressed by a 
steel pin, and beat out smooth by wooden hammers, 
called batls^ the operatipn is complete ; and wh^n 
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thoroughly dry, they are fit for sale. Butts are 
chiefly used for the soles of stoiit shoes. 

The leather which goes under the denomination 
of hides, is generally made of cow hides, or the 
lighter ox hides, which are thus managed. After 
the horns are taken off, and the hides washed, they 
are put into a pit of water, saturated with lime, 
where they remain a few days, when they are taken 
out, and the hair scraped off on a wooden beam, as 
before described ; they are then washed in a pit, 
or pool of water, and the loose flesh, &c. being 
taken off, they are removed into a pit of weak 
ooze, where they are taken up, and put down' 
(which is technically termed handling) two or 
three times a-day, for the first week ; every second 
or third day they are shifted into a pit of fresh 
ooze, somewhat stronger than the former ; till at 
the end of a month or six weeks they are put into 
a strong ooze, in which they are iiandled once or' 
twice a-week with fresh bark for two or three 
months. They are then removed into another pit, 
called a lat/er, in which they are laid smooth, with 
bark ground very fine, strewed between each hide. 
After remaining here two or three months, they 
are generally taken up, when the ooze is drawn out, 
and the hides put in again with fresh ooze and 
fresh bark, where, after lying two or three months 
more, they are completely tanned, except a few 
very stout hides, which may require an extra layer: 
they are then taken out, and hung on poles, and 
being hammered and smoothed by a steel pin, are, 
when dry, fit for sale. These hides are called crop 
hides; they are from ten to eighteen months in 
tanning, and are used for the soles of shoes. 

Skins is the general term for the skins of 
calves, seals, hogs, dogs, &c. These, after being 
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washed in water, are put into lime pits, as before 
mentioned, where they are taken up and put down 
every third or fourth day, for a fortnight or three 
weeks, in order to destroy the epidermis of the 
skin. The hair is then scraped off, and the excres- 
cences being removed, they are put into a pit of 
water impregnated with pigeon dung, c^led a 
grainery forming an alcaline ley, which in a week 
or ten days soaking out the lime, grease, and sa- 
ponaceous matter (during which period they are 
several times scraped over with a crooked knife, to 
work out the dirt and filth), softens the skins, and 
prepares them for the reception of the ooze. They 
are then put into a pit of weak ooze, in the same 
manner as the hides, and being frequently handled, 
are by degrees removed into a stronger, and still 
stronger liquor, for a month or six weeks, when 
they are put into a very strong ooze, with fresh 
bark ground very fine, and at the end of two or 
three months, according to their substances, are 
suflBciently tanned : when they are taken out, 
hung on poles, dried, and are fit for sale. These 
skins are afterwards dressed and blacked by the 
curriers, and are used for the upper leathers of 
shoes, boots, &c. 

The lighter sort of hides, called dressing hides, 
as well as horse hides, are managed nearly in the 
same manner as skins; and are used for coach- 
work, harness work, &c. &c. 

As the method of tanning above described, and 
all others in general use, are extremely tedious and 
expensive in their operation, various schemes at 
different times have been suggested to shorten the 
process, and lessen the expense. • 

Much light has been thrown by modern che- 
mists upon the theory of tanning, and considerable 
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improvements have been made in the practice o€ 
this an. M. Seguin, in France, has particiilarlj 
distinguished himself by his researches on this sub- 
ject, and much improved the art in liis country. 

In 1 79-1, Mr. Williaro Desmond obtained a patent 
for practising Segiiin's method in England. He 
obtained the tanning principle, by digesting oak 
bark, or other proper material in cold water, in an 
apparatus nearly similar to that used in the salt- 
petre works : that h to say, the water which has 
remained upon the powdered bark for a certain 
time, in one vessel, is drawn <^ by a cock, and 
poured upon fresh tan: tlib is again to be drawn 
o^ and poured upon other fresh tan ; and in this 
way the process is to be continiie<l to the fifth 
vessel. Tlie liquor is then highly coloured, and 
and marks from six to eight degrees upon the hy- 
drometer for salts. Tliis he calls the tanning lix- 
ivium. 

The criterion for ascertaining its strength is the 
quantity of the solution of gelatine which a given 
quantity of it will precipitate. Isinglass is used 




with the liquor in which they are immersed. The 
strength of the liquor will by this means be consi- 
derably diminished, and must, therefore, be renew- 
ed. When the hides are by this means completely 
saturated, that is to say, perfectly tanned, they 
are to be removed, and slowly dried in the shade. 

It has been proposed to use the residuum of the 
tanning lixivium, or the exhausted ooze (which 
contains a portion of Gallic acid, this forming a 
constituent part of astringent vegetables), for the 
purpose of taking off the hair ; but this liquor 
seems to contain no substances capable of acting 
upon the epidermis, or of loosening the hair j and 
when skin is taken off by being exposed to it, the 
effect must really be owing to incipient putre- 
faction. 

The length of time necessary to tan leather 
completely, according to the old process, is cer- 
tainly a very great inconvenience ; and there is no 
doubt but that it may be much shortened by fol- 
lowing the new method. It has been found, how- 
ever, that the leather so tanned has not been so 
durable as that which has been formed by a slower 
process. 

The public is much indebted to Sir Humphry 
Davy, for the attention which he has paid to this 
subject. From his excellent paper " On the Con- 
stituent Parts of Astringent Vegetables,'* in the 
Philosophical Transactions, we present the reader 
with the following extract, 

" In considering the relation of the different 
facts that have been detailed, to the processes of 
tanning and of leather-making, it will appear suf- 
ficiently evident, that when skin is tanned in as- 
tringent infusi9ns that contain, as well as tannin, 
extractive matters, portions of these matters enter, 



with the tannin, into chemical combination with 
the skin. In no case is there any reason to believe 
that gallic acid is absorbed in this process ; and M. 
Seguin's ingenious theoiy of the agency of this 
substance, in producing the de>oxygenation of 
skin, seems supported by no proofs. Even in the 
formation of ghie from skin, there is no evidence 
which ought to induce us to suppose tliat it loses a 
portion of oxygen ; and the effect appears to be 
owing merely to the separation of the gelatine, 
from the small quantity of albumen with w)itch. it 
was combined in the organized form, by the sol- 
vent powers of water. 

" The different qualities of leather made with 
the same kind of skin, seem to depend very much 
upon tlie different quantities of extractive matter it 
contains. The leather obtained by means of in- 
fusions of galls, is generally found harder, and more 
liable to crack, than the leather obtained from the 
infusion of barks ; and in all cases it contains a 
a much larger proportion of tannin, and a smaller 
proportion of extractive matter. 
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tractive matter is lost to the mauu&cturer, wbich 
might have been made to enter into the comppn- 
tion of his leather. These observations show, that 
there is some foundation for the vulgar opinion of 
workmen, concerning what is technically called 
the feeding, of leather in the slow method of tan- 
ning ; and though the processes of .the art may in 
some cases be protracted for an unnecessary, length 
of time, yet, in general, they appear to have ar- 
rived, in consequence of repeated practical expe- 
riments, at a degree of perfection which cannot be 
very far extended by means of any elucidations of 
theory that have as yet been known." 

As a vast quantity of bark may easily be ob- 
tained in countries that are covered with natural 
forests, such as many parts of America, New Hol- 
land, &c. it has been suggested, as a method of 
lessening the expense of freight in bringing it over, 
to make an extract from the bark, which might be 
very easily transported, and which would serve the 
purpose of the tanner as well as the bark itself. 

It was first suspected by Sir Joseph Banks, and 
afterwards confirmed by the experiments of Sir 
Humphry Davy, that a substance called catechu^ or 
terra JaponicUy brought from the East Indies, con- 
tained a vast quantity of tannin ; so much so, that 
it far excels every other known substance in this 
respect. One pound of catechu contains as much 
tannin as eight or ten pounds of common oak bark, 
and would consequently tan proportionately as 
much more leather. It is an extract made from the 
wood of a species of mimosa, by decoction and sub- 
sequent evaporation. 

Oak bark being a very expensive article in the 
process of tanning, various substances have been 
proposed as substitutes for it. AH the parts of ve- 
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get^les whidi are of an utringeiit nature, coatain 
tuinin (which may be known by their ^ving preci- 
pitates with gelatine, insoluble in water), ai^ will 
answer this parpose. Tbc leave*, branches, fruit, 
flowers, ofavast number of plants; cveiypartofthe 
oak, aa the leaves and acorns^ oak saw-duit, and the 
bafta ofalmoBt all trees, Cfmtiuo more or leas tannin. 
Mr. Bi^ns made a great many experiments 
upon the quanti^ of tanning principle in various 
iMuks, fVosn which he constructed the following 
table. 



BarkofeliD, . 


«8 


oak, cot in winter. 


30 


horse-chenuU 


30 


heerh. 


31 


willow (bought) 


31 


ddK, 


41 


plun-tiee. 


.-.8 


willow (tnnikX 


.'.« 
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curhting. 

leart of currying consists in rendering tanned 
skins supple and of uniform density, and impreg- 
nating them with oil, bo as to render them in a 
great degree impervious to water. 

The stronger and thicker hides are Dsually em- 
ployed for making the soles of booi.s ;knd shoes, and 
these are rendered tit for their several purposes by 
the shoemakers aflcr they are tanned; but such 
skins as arc intended for the upper leathers and 
quarters of shoes, (or the legs of boots, for coach 
and harness leather, saddles, and other things, must 
be subjected to the process of currying. 

These skins after coming 'irom the tanners, pav- 
ing many fleshy fibres on them, arc welt soaked in 
common water. They are then taken out and 
stretched upon a very even wooden horse ; where 
with a paring ktrift all ^He supei-^uous flesh is 
scraped off, and they are again put into soak. After 
the soaking is completed the curner takes them 
again out of the water, and baving stretched them 
out, presses them with his feet, ur a flat stone fixed 
in a handle, to make them more supple, and to press 
out all the filth that the leather may have acquired 
in tanning, and also the water it has absorbed in 
soaking. 

The skins ai'c next to be oiled, to render therfi 
pliant and impervious to wet. After they are half 
dried, they are laid upon tables, and lirst the grain 
side of the leather is rubbed over with a mixture 
of 6sh oil and tallow ; tliei) the Besh side is im- 
pregnated with a large proportion of oil. After 
Uaviug been hung up a sufficient time to dry, they 
are taken down and nibbed, pressed, and folded in 
various directions, and then spread out, when they 
p 3 
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are rolled with coDsiderable pressure upon both 
sides with a fluted board fastened to the operator's 
hand by a strap ; by this means, and by repeating 
the rolling, a grun is given to the leather. 

After the skins are curried, it may be required 
to colour them. The colours usually given to 
diem are black, white, red, green, yellow, &c. 

If the skins are to be blacked, the process varies 
according to the side of the skin to be coloured. 
Leather that is to be blacked on the flesh side, 
which is the case with most of the flner leather 
intended for shoes and boots, is coloured with a 
mixture of lamp black, oil, and tallow, rubbed into 
the leather. And what is to be coloured on the 
gnun side is done over with chamber lye, and then 
with a solution of sulphate of iron, which turns it 
black. 

MANUFACTURE OF SODA. 

Soda, or the mineral alcali, (described above, 
under Chemistry) is sometimes found in a native 
state, as in tlie lakes of Natron in Eg}'pt. wliich an- 
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shores^ particularly in Scotland, from which is pro- 
duced a substance called kelp. 

But the demand for a pure Carbonate of soda 
having become very considerable of late years, from 
its great utility in many arts and processes, various 
means have been tried for procuring it by decom- 
posing the salts, in which it exists, combined with 
acids. Muriate of soda has been decomposed for 
this purpose. The following method is described 
in Nicholson's Journal. 

Solutions of 5(X)lbs. of sulphate of soda^, and 
560lbs. of American potash, are made to boil, and 
are then mixed. As soon as the mixture boils, it 
is conveyed into a cistern of wood, lined with lead, 
half an inch thick, which is fixed in a cool place. 
Sticks of wood are then placed across the cistern, 
from which slips of sheet lead, two or three inches 
wide, are hung into the fluid, at four inches distance 
from each other. When all is cool, the fluid is let 
ofl^ and the chrystallized salt is detached from the 
slips of lead, and the bottom of the trough. The 
salt is then washed, to free it from impurities, aiter 
which it is transferred again into the boiler, dis- 
solved in clear water, and evaporated by heat. As 
soon as a strong pellicle is formed, it is suffered to 
cool so far that the hand may be dipped into it 
without injury, and the heat is kept at that temper- 
ature as long as effectual pellicles continue to be 
formed over the whole surface of the boiler, and 
then fall to the bottom. When no more are formed, 
the fire is withdrawn, and the fluid ladled out into 
the cistern to crystallize. The sulphate of potash, 
&c. which had been deposited, is then taken out of 

* Sulphate of soda is sold cheap by the bleachers, idio save 
it as the residue in decomposing common salt by sulphuric add 
with manganese. 
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tlie t>oiler, and put aade. By thi» procew from 1 96 
to lS9lbs. of soda may be obtained from lOOlba. of 
solphate of loda. 
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f*ctfa8l)f or th^ fix^ vegeti^file alcali« exists at an 
ipeit^pqt, '\n very small quantity, in nuqy mine- 
nJs. It is also obtained frqm the taitar, pr from 
1^ of win^, in which if; is (railed w/f qf tarter. 

Bui the gr^it supply of tbia subttancQ is procured 
fmqi tl^ ashes of burnt vegetables. 

tq nif^iy distrif:fs of Englapd and Irelai^d they 
bufp \^p common fern to astfeo, which they mould 
up wjtl^ 4 little w^ter, >nto balls qf ahqut throe or 
ffHir inches in diauKter ; theiie ^re c*Med <mA iffJff. 
Vl4W ^f! ^^^^ P^*n^fi°Q of tt)it ajcali, 
' lliQ ppti^h of cqmiTierce, or Nack pafatk, it 
9\y^ay^ procured from fhp coffbu|tioD of iiqod, and 
fl^ ther«fQfe»oaly (le ff^^ intbone countne»wb«re 
yood \s very plpptiftfl, as Poland, ttusaia, and Gcr- 
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prive h of the qarbonid acid; then t9 frciig it firfftd 
other impurities, it most be dissolve4 iA merits ctf 
wine, (which dissolves alcalis and no other skit) w}4, 
the solution evafiorBted to dryness. It 1$ then pufl^ 
and powerfully caustic 



REJFINING METALS. 

The term refining signifies the purification ef' 
some substance: but we mean to confine it at pML 
sent to the separation of gold, silver, a»d copper 
from each other, and obtaining each of them in a 
pure state. 

Cupellation. 

Gold and silver being the only sietak Cftpabk (rf" 
withstanding the action of very strqog hi^at, ai^, 
therefore called perfect metals. All Q^e? n)^« 
are reduced to the state of oxides when ei^pps^d Uk 
a violent fire with access of air. Gold and wiver 
may, therefor^ be purified from aU the baiifrr metsk 
by keeping them fused till the alloy be destroyed f 
but this process would be very expeiisive» frwn the 
great consumption of fuel, and would he ^fieiwU 
ingly tedious. A shorter and more adYanti^geonif 
method of performing this operation has been dii^ 
covered. 

A certain quantity of lead i» added to the allp]^. 
of gold and silver, and the whole 19 eicpoaed to thfl 
action of the fire. 

Lead is one of the metals which is most quickly 
converted by heat into an oxide, which is e}isi|y 
melted into a semi-vitrified, and powerful vitri^ng 
matter, called litharge. By increasing the proportion 
of imperfect metals, it prevents them frmn being 4Q 

p 4- 
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well covered and protected by the perfect metals; 
and by uniting with these imperfect metals, it com- 
municates to them its property of being very easily 
oxidated. By its vitrifying and fusing property, 
which it exercises with all its force upon the cal- 
cined and naturally refractor)' parts of the other 
metals, it facilitates and accelerates the fusion, aco- 
rification, and separation of these metals. The lead, 
which in this operation is scoritied, and scorifies 
along with it the imperfect metals, separates from 
the metallic mass with which it is then incapable of 
remaining united. It floats upon the surface of the 
melted mass, and becomes semi-vitrified. But the 
litharge so produced would soon cover the melted 
metal, and by preventing the access of air would 
prevent the oxidation of the remaining imperfect 
metals. To remedy this, such vessels are employed 
as are capable of imbibing and absorbing in.their 
pores, the melted litharge, and thus remove it out 
of the way ; or, for large quantities, vessels are so 
constructed, that the fused litharge, besides being 
soaked in, may also drain off, through a channd 
made in the comer of the vessel. 

Experience has shown thatforthis purpose, ves- 
sels made of lixiviated wood or bone-ashes are most 
proper. These vessels are called cupels^ and this 
process is called cupettation. The cupels are flat 
and shallow. The furnace ought to be vaulted, 
that the heat may be reverberated upon the sur- 
&ce of the metal during the whole time of the 
operation. Upon this sur&ce a crust or dark 
coloured pellicle is continually forming. In the 
instant when all the imperiect metal is destroyed, 
and, consequently, the scorification ceases, the sur- 
face of the perfect metal is seen, and appears clean 
and brilliant. This forms a kind of fulguration^ or 
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corruscatioD, called lightning. By this mark the 
metal is known to be refined. 

Purification of gold by antimony. 

When gold contains only a small quantity of alloy, 
it may be separated from them by melting it in a 
crucible thatwill hold twice its quantity at least, and 
throwing upon it, whilst ih fusion, twice its weight 
X of crude antimony (sulphuret of antimony). TTie 
crucible is then to be covered, and the whole is to 
be kept in a melting state for some minutes ; and 
when the surface sparkles, it is quickly to be 
poured into an inverted cone, which has been pre- 
viously heated and greased. By striking the cone 
on the ground, the metal will come out when cold. 
The compact mass consists of two substances ; the 
upper part is the sulphur of the crude antimony, 
united with the impure alloy ; and the lower part 
is the gold, united to some of the regulus of anti- 
mony, proportionable to the quantities of metals 
which have been separated from the gold, which 
are now united with the sulphur of the antimony. 
This regulus of gold may be separated from the 
regulus of antimony by simple exposure to less 
heat than will melt the gold, because antimony is 
volatile in such a heat, and is then dissipated. If 
the gold is not sufficientiy purified by this first pro- 
cess (which is often the case,) it must be repeated 
a second, and even a third time. When a part is 
dissipated, more heat is required to keep the gold 
in fusion ; therefore, the fire must be increased to- 
wards the end of the operation. The purification 
is completed by means of a little nitre thrown into 
the crucible, which effectually calcines the remain- 
ing regulus of antimony. Sometimes, afler these 
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operations, the gold is found to be deprived of much 
of its usual ductility ; this however is easily re- 
stored to it, by fusing it with nitre and borax. 
The first part of Ulis process is founded ou a pro- 
perty of sulphur, by which it is incapable of 
uniting with gold, and is strongly disposed to unite 
with all other metallic substances, excepting pla. 
tina and zinc ; and also upon the property of sul- 
phur, that it has less affinity with regulus of antir 
many than with any metallic substance witii which 
it can unite. Hence, when gold, alloyed with 
silver, copper, iron, lead, &c. is fused together witii 
siilphurct of antimony, these latter metals unite 
with the sulphur of the antunony, while the regii- 
lino part, disengaged from them by its sulphur, 
unites with the gold. 

The sulphur of the antimony, though it unites 
Vith the baser metals, does not destroy them, but 
forms with them a scoria, from which they may be 
separated by treatment as an ore. 

Parting. 

When the quantity of silver united to tlie gold 
is considerable, they imy be separated by othc? 
processes. Nitric aeidi muriatic acid, and sulphur, 
Trliich CEtnnot dissolve gold, attack silver wry 
eafily ; pod) thereiQi>ek these three agents forni^ 
n^etjiods of separating silver from gold, which 
operatiop is called parting. 

Farting by pitric acid is the most cQnventrat. 
and, therefore, most used ; and is even almost tha 
only qne employed by goldsmiths and coiners- 
Wherefore it is called simply, parting. That mads 
with muriatic acid is (mly made by cementatiQii) 
and w knowp by th« name of concentrated p^rtmgi 
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La^tfyf parting by Bulpbiu is made hy fiisiou, and 
i5, therefore, called (by parting. 

Parting goldfrqv% Hlwr by nitnic add or aqua 
Jortis. — Althou^ pafting fay oitric acid be easy, it 
cannot succfififil} 9r be Feiy exact^ unless we attend 
to wme e^sMitial cir^unatances. The gold and 
silver must he in a {urqper proportjon } fqr if the 
gold be ID too greal a^^piantlt^r, the silver «Q|ild be 
c^ivered and gmvded by it &om the action of the 
atfid ( Omr^fui^^ when assayers do pot know the pro^ 
portiofi of gold to silver in the mas^, they rub the 
maM upon a touclMtcau (which is usually composed 
ctf black basalt^ though black pottery will do 
Very Vi^) so aa to leaire a mark tfpon it ; they 
then ms^e similar marks with the prQf^-toeitdksi 
(wbicb aire needles composed of gold and silver 
alloyed tajgether in graduated proportions,) and by 
pQinpafing the colour cyf the several mariss, they 
discover the puobable scale of admixture. 

If the tiial shows that in any given mass the 
silver U not to tbe gold as three to pne, this mass 
is tnpvqper for the operation of parting by aqua 
fprti^* In this case* the quantity of silver neces^ 
sary to make any alloy of that propqrCion must be 
9dded* TiUs cfteraUon is called qttantmtion^ be- 
cause it reduces the gold to a fourth of the whple 
masa* No inconvenience arises from too great 
quantity of silyer^ except a waste of aqua fortis. 
^nie nitric acid^ or aqua fortis erapioyed, must be 
very pore* and especially free from mixture of sul- 
phuric and muriatic acids. Its purity must, there- 
fo^ be ascertained ; and if this be found not sufii- 
oienty the acid must be purified by nitrate of silver. 

if tbe purity of the nitric acid were not attended 
tik a quantity of silver proportionable to these t\?o 
ftpeijpi aatd% w<>Mld be separated dofing the solu- 



tion ; and this portion of silver converted by these 
acids to sulphate of silver, and to muriate of silver, 
would remain mingled with the gold. 

When the metalhc mass is properly alloyed, it is 
to be reduced to plates rolled up spirally, called 
comets, or to grains. These are to be put into a 
matrass, and upon them a quantity of aqua fbrtis is 
to he poured, the weight of which is to that of the 
silver as three to two ; and as tlie nitric acid em- 
ployed for this operation is ratlier weak, the solu- 
tion is assisted, especially at first, by the heat of a 
sand-bath, in which the matrass is to be placed. 
When, notwithstanding the heat, no further mark 
of solution appears, the aqua fortis charged with 
silver is to be decanted. Fresh nitric acid is to be 
poured into the matrass, stronger than the fbrmer, 
and in less quantity, which must be boiled in the 
remaining mass, and decanted as the former. 
Aqua fortis must even be boiled a third time on the 
remaining gold, that all the silver be certainly dis- 
solved. The gold is tlien to be washed with boil- 
ing water. This gold is very pure, if the operation 
has been performed with due attention. It is called 
gold of parting. 

The silver dissolved in the aqua fortis may be 
separated either by distillation — in which case all 
the aqua fortis is recovered very pure, and fit for 
another parting — or it may be precipitated by some 
substance which has a greater afiinity than this 
metal with nitric acid. Copper is generally em- 
ployed for this purpose in the mint. 

The solution of silver is put into copper vessels. 
The aqua fortis dissolves the copper, and the silver 
precipitates. When the silver is all precipitated, 
the new solution is decanted, which is tlien a solu- 
tion of copper. The precipitate is to be well 
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washed, and may be melted into an ingot. It is 
called parted silver, "When this silver has been ob- 
tained from a mass which had been refined by lead, 
and when it has been well washed from the solution 
of copper, it is very pure. Or the silver may be 
separated from the nitric acid by adding to it mu- 
riatic acid, with which it forms muriate of silver. 
Muriate of silver may be decomposed by mixing it 
with soda, and exposing it to a sufficient heat in a 
crucible, whereby the soda unites to the muriatic 
acid, and sets the silver free. 

The refiners frequently employ this solution of 
copper obtained in the process of parting, for 
making verditer; which is prepared by adding 
quick lime to the solution ; a precipitate takes 
place, which is the blue pigment known by the 
name of verditer. 

Parting gold from silver by cementation. — This 
is also called parting by concentration, and is 
ususilly employed when the quantity of gold is so 
great to that of the silver, as to render it a difficult 
task by aqua fortis. The mixed metal to be 
cemented is to be reduced to plates, as thin as 
small pieces of money. At the bottom of the cru- 
cible, or melting-pot, is to be laid a stratum of 
cement, composed of four parts of bricks powdered 
and sifted, one part of green copperas (sulphate of 
iron) calcined to redness, and one part of common 
salt, about the thickness of a finger in depth. Upon 
this stratum a layer of plates of the metal is to be 
placed, and then another stratum of cement, and 
so on till the crucible is filled. It is now to be 
placed in a furnace, or ovep (after a top has been 
luted on the crucible,) and exposed for twenty- 
four hours, till it is gradually made red hot, but 
by no means to be melted. The fire is now left to 
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go out, and the metal Is permitted to cool. tlMit it 
may be separated from the cementi and btdled re- 
peatedly ia lai|^ quantititfs of pure water. This 
gold is aflerwarda to be tried ott a toudMtone ; 
and if it is not sufficiently purifiedi the process 
must be performed a second time: By the above 
method, we see how powerfully silver il dissolved 
by muriatic acid, when it u in a state of subtile va- 
pour which is disengaged from the cominon salt 
of the cement. Instead of commaii sidt, nitrfe may 
be used, as the nitrous acid readily disMilves silver ; 
but the mixture of common salt and nitre together 
is highly injudicious, because the jont ackh arc 
able to dissolve some of the gold with the siWcr. 
Whatever silver has been separated, will now re- 
main in the cement ; but it may be fned from tJiis 
by lead, in the method described in cupellation. 

Parting goidjrom uhoerm tke drg vaif. — This is 
also called parting iof Jiuiori, and is performed by 
means of sulphur, which has the property (limiting 
easily with silver, while it does not attack gf>ld. 
Thin dry parting ix troublesome, and «vcii cxpen- 
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net remain united with reguline metals, and as 
these latter sink to the bottom when in fusion^ on 
account of their greater specific gravity, they may 
be easily parted from the scoriae. 

The silver to be purified by nitre is to be first 
granulated^ and then mixed with a fourth part of its 
weight of dry nitre, an eighth part of potash, and 
a little mmtnon glass, all in powder. This miiture 
is to be put into a good crucible, two-thirds of 
which only must be full. This crucible is to be 
cdv^ed with a smaller crucible inverted, in tlie 
bottom of which a small hole has been made^ luid 
luted to the former/ The crucibles, thus disposed, 
are to be placed in a iumace capable of drawing 
air sufficiently to make the fire intense enough only 
to melt the silver. Then charcoal is to be put into 
the furnace to snch a height, that only the top of 
the inverted crucible shall be uncovered. The coal 
is then to be kindled, and the vessels to be made 
moderately red ; a hot coal ought to be put upon 
the small hole in the bottom of the inverted cruei*- 
bie. If a shining light be observed round this 
coal, and a slight hissing noise at the same time 
heard, we may know that the operation proceeds 
well. The fire must be sustained at the same 
degree till these appearances cease, when ft mu^t 
be increased, so that the silver be well melted, and 
then the crucibles are to be taken out of the fur- 
nace. The larger crucible is to be broken when it 
is cold, and the silver will be found at the bottom 
covered with green alcaline scoriae. If the metal 
be not sufficiently ductile, the operation must be 
again repeated. 

Some silver is apt to be lost in this operation, by 
the swelling and detonation of the nitre, which 
often forces it through the hole in the upper cru« 
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cible, unless great care be used ; nevcrthden, this 
method has its advantages, i>eing much more expe- 
ditious than cupcllation. 



Separating Siherfram Copper by Etiquation. 

When it is desired to separate, in the lar^ way, 
a small quantity of silver from much copper with 
which it is alloyed, the process called eli^uation ir. 
resorted to. This operation is grounded on the 
nearer affinity of silver with lead than with copper ; 
in consequence of which it fuses, and combines with 
lead at a degree of heat in which ct^per coDttnues 
unfused. 

Whitening Silrer h^ BoiUn^. 

Whitening of silver by boiling is one of the mc 
thods of parting cop}ier from silver in the humiil 
way. For this purpose, silver wrought in any 
shape in first ignited to redness, and afterwards 
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the solution is diluted with water^ filtered, and a 
plate of copper hung in it, till no more precipitate 
falls down. Then the weight of the precipitate, 
when edulcorated, is compared with that of the 
whole alloyed metal put to trial. 

This silver dust well washed, and mixed with 
gum water, serves as a pigment in water painting. 

Separating Siherjrom Copper by an Akaline 

Sulphuret. 

The aflBnity of copper with sulphur is stronger 
than that of silver. Upon this ground, liver of 
sulphur (sulphuret of potash) has been proposed as 
an expedient to free silver from copper ; for if 
silver holding copper be fused with alcaline sul- 
phuret, the base metal combines with the latter, 
and is converted into scoriae floating on the silver. 

Mr. Keiths Mode of separating Silver from Copper. 

Chemists have long been acquainted with the 
compound acid, called aqua regia (nitro-muriatic 
acid), which has the exclusive property of dissolv- 
ing gold. The discovery of a compound acid, act- 
ing exclusively upon silver, is owing to Mr. Keir.' 

This compound acid is made by dissolving one 
pound of nitrate of potash (common nitre or salt- 
petre), in eight or ten pounds of sulphuric acid (oil 
of vitriol), or by mixing together sulphuric and 
nitric acids. This acid dissolves silver easily, 
while it will not attack copper, iron, lead, gold, or 
platina. 

These properties have rendered it capable of a 
very useful application in the arts. Among the 
manufactures at Birmingham, that of making ves- 

VOL. II. ct 
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sels of Silver, plated on copper, is a very cousider- 
ftble one. On cutting out the rolled plated metal 
into pieces of tJie required form and sizes, there 
ilre many shreds, or scraps, as they are called, unfit 
for any purpose, but the recovery of the metals, by 
separating them from each other. The easiest and 
most economical method of parting these two me- 
tals, so as not to lose either of them, is an object 
of some consequence to the manufacturers. For 
this purpose, t^vo modes were practised; one, by 
melting the whole of the mixed metals with lead, 
and separating them by eliquation and testuig ; and 
the second, by dissolving both metals in sulphuric 
acid, with the help of heat, and by separating the 
sulphate of copper, by dissolving it in water, from 
the sulphate of silver, which is afterwards to be 
reduced and purified. 

In the first of these methods, there is a, consi- 
derable waste of lead and copper ; and in the se- 
cond, the quantity of sulphuric acid employed is 
very great, as much more is dissijiutt-il in Ihv form 
of sulphureous acid than remains in tlic composi- 
tion of the two sulphates. 

Some years ago, Mr. Keir communicated to an 
artist the method of effecting the separating of 
silver and copper, by means of the above-mentioned 
compound of sulphuric acid and nitre. It is now 
commonly practised by the manufacturers at Bir- 
mingham, and is much more economical, and much 
easier executed, that any of the above-mentioned 
methods ; for nothing more is necessary than to 
put the pieces of plated metal into a glazed earthen 
pan, to pour upon them some of the acid liquor, to 
stir them about, that the surfaces may be frequently 
exposed to fresh liquor, and to assist the action by 
a gentle heat, from 100« to 200* Fahr. ' 
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When the liquor is nearly saturated, the silver is 
to be precipitated frdm it by commoh salt, which 
forms ttiuriate of bilver^ or luna cornea, islMrily re- 
ducible to k. metallic state, by melting in a tt^ 
cible, with a sufficient quantity of potash ; audi 
lastly, by refining the melted silver, if necessary, 
with A little hittis thrown updn it in this Waiirier, 
the silver will be obtained sufficiently pure, and 
the coppef will retnain unchanged. Otherwise, 
the silver may be precipitated in its metallic state, 
by adding to tlie solution of silver a few of the 
pieces of copper, anct a sufficient quantity of* water 
to enable the liquor to act upon the copper. 



Metlu>d qjf^ obtaining Gold in a pure State. , 

Perfectly pure gold may be obtained^ hy dis- 
solving the gold of commerce in nitro muriatic 
acid, and precipitating the metal, by adding a 
weak solution of sulphate of iron. The precipit^itey 
afler being well washed and dried^ is pure goicL 



Method of obtaining Silver in a pUre State. 

Dissolve the silver ttf cofnriierce in nitric acid, 
and add to it some muriatic acid ) a white curdy 
precipitate will be formed^ which is muriate of 
silver* To reduce muriate of silver td the metallic 
state, let one part of it be mixed with ditee of 
soda, and exposed to a white heati Wlmm the 
mixture is well fufsed, suffer it to cool ( then bttek 
the crucible, and separate the p^re silvei* irdm the 
muriate of soda which has been fotmed. 

Q 2 



Method tif obtaining pure Copper, 

Let the copper of commerce be dissolved in mu- 
riatic acid, and precipitate it by a p<rfished plate oi' 
iron ; the precipitate is pure cc^per. 

0/ malcing Brass, and other AUoifs i^Copper. 

Brass b made by fusing together lapis calami- 
naris (which is an ore of zinc) and copper. 

Tombac is fonned by melting together twelve 
parts of copper with three of zinc. 

Gun metal consists of nine parts of copper and 
one of tin. 

Betlmetal is copper alloyed with one uxth of tin. 
A smaller proportion of tin is used in making 
church bells than clock bells, and a little zinc i:« 
added for the bells of repeating-watches, and other 
amdl bells. 

Cock metal is made with o^per aUojed with zinc 
and lead. 

The gold coins of this country are composed of 
eleven parts of gold and one of copper. 
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Common Pottery, such as coarse brown jugs, 
&c. are made of the ordinary clays, which are a 
mixture of sand and clay, coloured by oxide of 
iron. The clay is well ground, or kneaded, and a 
lump of it is put upon the centre of a wheel which 
is kept in motion ; then, by means of the work- 
man's hand, or by proper tools, it is formed into 
the required shape. Tlie pieces are then dried 
moderately, so as to bear being removed without 
danger ; they arc then covered with a glaze, made 
from semi-vitreous oxide of lead, and put into a 
furnace, where they are baited. Some sorts are 
glazed by throwing sea-salt into the furnace among 
the different pieces of pottery. The salt is de- 
composed, and the vapours of it form a glazing 
upon the vessels ; but this, though a very simple 
and ingenious method, does not form a good 
glazing. 

E7iglish stone-ivare is made of tobacco pipe clay 
mixed with flints calcined and ground. This ma- 
nufacture owes its present state of perfection to 
that enlightened manufacturer the late Mr. Wedge- 
wood, who spared no pains or expense to improve 
the art of pottery. He first introduced a superior 
kind of which he called Queen's ware. The clay 
of which it is made comes chiefly from the neigh- 
bourhood of Corfe Castle in Dorsetshire. It 
burns extremely white. The pipe clay is much 
beat in water ; by this process the flner parts 
remain suspended in the water, while the coarser, 
sand, and other impurities, fidl to the bottom. 
The thick liquid, consisting of water and the finer 
parts of the clay, is further purified by passing it 
through hair and lawn sieves, of different degrees 
of fineness. Alter this, tin- liquid is mixed (in 
various proportions tor various wares) with anotlier 
tt 3 



liquor oi the aaine denser, and conaistuig of ions 
calcined, ground, and »u3peuded in v»er. The 
luxture is then dried in a kiln ; and being after- 
Tank beaten to a proper temper, it becomes lit ibr 
being Ibnned at the wheel into di^e«, pbte^ 
bow|«, iic \^'hen this ware is tn be put into the 
furnace to be baked, the acveml pieces of it are 
placed in eases made ot'chv, called seggars, which 
are piled ooe upon another in the dome of the 
furnace-, a tire h then lighted, and the ware is 
brought to a proper temper for glazing, and in this 
Italic it is called biscuit. Before the glazing takes 
plaoe it is coloured or painte^. Forqierly the 
painting was done by the pencil bv lund. It i» 
Xfim contmoijy ejected by taken impressions on 
paper froni engraveil CQfpti platen apd trauster- 
nng thent to the eanhenw^rf^ while the ink is wet. 
The ink is instantly absori>ed by the biscqit^ 4ml 
ttie paper ta washed oS The ink for |fa« blue and 
vhite ware is made from oxide of oobalt It i^i 
then dipped into a glaze, made bf mixing together 
in W9ter, till it becomes » thick aa cre^ni, oui.' 
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known, has the greatest power of promoting the 
vitrification of the substances with which it is 
mixed. The flint serves to give a consistency to 
the lead during the time of its vitrification, and to 
hinder it from /becoming too fluid, and nmning 
down the sides of the ware, and thereby leaving 
them unglazed. 

This glazing, made by means of lead, is liable to 
be attacked by acids, and is supposed to be pro- 
ductive of deleterious effects, when employed in 
jars used for pickling, &c. 

The following composition has been recom- 
mended as a substitute. 

To make this, white glass and soda, in equal 
portions, must be very finely pulverized, carefully 
sifted, and well mixed. The mixture is then ex- 
posed to a strong heat, till it is rendered very dry. 
It is afterwards put into vessels which have been 
already baked ; it is then melted, and the varnish 
is made. It may be applied in the same manner 
as that in common use. 

The advantage of it is, that it is safe, and can 
have none of those poisonous effects which arise 
from the decomposition of the lead varnish. 

A variety of ware has been of late manufactured 
which the potters call lustre. The glazing is 
formed with platina, or gold. For the first, the 
platina is dissolved in the nitro-muriatic acid with 
iieat: by adding muriate of ammonia, a yellow 
precipitate falls down : wash and dry it, grind this 
powder with a small portion of enamel, in oil of 
turpentine, and spread it thinly over the glazed 
surface of the earthen-ware. The ware is now 
baked in a kiln with a red hea^r, and the platina 
will assume the metallic brilliancy. 

The gold is managed in the same way. 

Q 4 
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The black ^are owes iu colour to the oxides of 
of iron and nianganese. It has also less flint, and 
is more burned ; its compactness renders glazing 
unnecessar}-. 

Porcelain, called also Chimin from being first 
brought from China, is the most beautiful and per- 
fect species of earthen-ware. 

Genuine or true porcclaioi is a semi>vitri6ed 
earthen-ware, intermediate between common ware 
and glass. It is infusible in the strongest fire ex- 
cited in furnaces ; it is hard, but not so brittle a.s 
glass : it is proof against sudden changes of heat 
and cold : it is fine grained, and dense without 
gloss in the fracture, and is translucent. The 
Chinese long excelled in the art of making porce- 
lain, but it is now made in various parts of Kiirope 
of an equally good quality and more ornamental. 
The ChiJiese porcelain is said to be composed of 
two ingredients, one of which is a hard stone called 
petuntse, which is carefully ground to a \ery fine 
powder ; and the other, called kaoUn, is a white 
earthy substance which is intimately mixed with 
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and apain dried. It is then finely sifted, and most 
accurately mingled with quartz, ground very fine; 
to wliicli, then, is added some burnt and finely 
pulverized gypsum. This mass is worked with 
water to a paste, and duly kneaded; it is usually 
suffered to lie in this state for years. The vessels 
and other goods formed of this mass, are first 
moderately burnt in earthen pots, to receive a cer- 
tain degree of coinpactiiess, and to be ready for 
glazing. The glazing consists of an easily melted 
mixture of some species of earths, as the petrosilex 
or chert, fragments of porcelain and gypsum, 
which, when fused together, produce a crystalline, 
or vitreous mass, that, after cooling, is very finely 
ground, and suspended in a sufficient quantity of 
water. Into this fluid the rough ware is dipped, 
by which the glazing matter is deposited uniformly 
on every part of its surface. After drying, each 
article is thoroughly baked or burned in the violent 
heat of the porcelain J umace. It is usual to deco- 
rate porcelain by paintings, for which purpose, 
enamels or pastes, coloured by metallic oxydes, 
arc used, so easy of fusion as to run in a heat less 
intcDse than that in which the glazing of the ware 
melts. 

Delf't-xvare, so called because first made at Delft 
in Holland, is a kind of pottery made of sand and 
clay, ."ind but slightly baked» so that it resists sud- 
den application of heat. Articles made of this are 
glazed with an enamel, composed of common salt, 
sand ground fine, osyde of lead, and oxyde of tin. 
The use of the latter is to give opacity to the 
glaze. 

Tobacco-pipes require a very fine tenacious, and 
refractor)' clay, which is either naturally of a per- 
fectly white colour, or, if it liave somewhat of agrey 



cast will necessarily burn white. A clay of this 
kind must contain no calcareoua or ferrviginous 
earth, and must also be carefully deprived of any 
sand it may contain, by washing. It ought to 
possess, besides, the capital property of shrinking 
but little in the fire. If it should not prove suffi- 
ciently ductile, it may be meliorated by the atl- ' 
ini.\ture of another sort. Last of all, it ia beaten, 
kneaded, gi^ound, washed, and sitled, till it 
aecjuires the requisite degree of fineness and 
ductility. 

When, alter this preparation, the clay has ob- 
tained a due degree of ductility, it is rolled out in 
small portions to the usual length of a pipe, per- 
forated with a wire, and put togetlier with the 
wire, into a brass mould rubbed over with oil, to 
give it its external form ; after which it is fixed 
into a vice, and the hollow part of the head formed 
with a stopper. The pipes, thus brought into 
form, are cleared of the redundant clny that adheres 
to the seanrs, a rim or border is made round the 
head, they are then "marked with an iron stamp 
upon the heel, and the surfaces smoothed and 
polished. When they are well dried, they are put 
into boxes and baked in a furnace. 

, In the Dutch manufactories, these boxes consist 
of conical pots made of clay, with conical Hds, with 
s tube passing through the middle of them, by which 
the pipes are supported ; or else, they are long clay 
boxes, in which the pipes are laid horizontally, and 
stratified with fragments of pipes pounded small. 
Lastly, the pipes, when baked, are covered with 
a glazing or varnish, and afterwards rubbed with a 
cloth. This glazing consists of a quarter of a 
pound of soap, two ounces of white wax, and one 
ounce of gum arabic, or tragacanth, which are alt 
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boiled together in five pints of water, for the space 
of a few minutes. 



MANUI^^ACTURE OF GLASS- 

This beautiful material is not of modern inven- 
tion ; it was known to the ancient Romans, but it 
was by no means common among them, and they 
do not appear to have had the method of forming 
it into vessels of various shapes as is practised at 
present. 

Qlass is made by fusing together silex and 
potash, or soda, in proper proportions. Sea sand, 
which consists almost entirely of quartz and flints 
reduced to powder, is generally used for this pur- 
pose. The alcali is generally pix>cured from the 
bunung of sea weeds ; these are cut, dried, and 
buFned in pits dug in the ground ; afler a sufficient 
quantity of them have burned in the same pit, a 
melted or liquid mass is found in the bottom, 
which, after being well stirred, is suffered to cool ; 
it is then called kelpy and consists of a mixture of 
soda, potash, and parts of half burnt weeds, toge- 
ther with shells, sand, and other impurities. 

When the ingredients of which glass is composed 
are perfectly fused, and have acquired a certain 
degree of beat, which is known by the fluidity of 
the masa^ part of the melted matter is taken out at 
the end of a long hollow tube, w4Yich is dipped 
into it, and turned about, till a suflicient quantity 
is taken up; the workmen then rolls it gently 
upon a piece of iron, to unite it more intimately. 
He tlien blows through the tube, till the melted 
ma^ at the extoeniity swells into a bubble, after 
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which he rolls it again on a smooth surface to 
polish it, and repeats the blowing, until the glass 
is brought as near the size and form of the vessel 
required as he thinks necessary. 

If it be a conanon bottle, the melted glass at the 
end of the tube is put into a mould of tlie exact 
size and shape of its body, and the neck is formed 
on the outside, by drawing out the ductile glass. 

If it be a vessel with a wide orifice, the glass in 
its melted state is opened and widened with an 
iron tool ; afler which being again heated, it is 
whirled about with a circular motion, and by means 
of the centrifugal force thus produced, is extended 
to the size required. Should a handle, foot, or 
any tiling else of the kind, be required, these are 
made separately, and stuck on in its melted state. 

Wi?idow-glass is made in a similar manner, ex- 
cept that tlie liquid mass at the end of the tube is 
formed into a cylindrical shape, which being cut 
longitudinally by scissars or sheers, is gradually 
bent back until it becomes a flat plate. 

Large plate glass, for looking-glasses, S^. is 
made by suffering the mass in a state of complete 
fusion to flow upon a table, with iron ledges to 
confine the melted matter, and as it cools, a metal- 
lic roller is passed over it, to reduce it to an uniform 
thickness. There are various kinds of glass manu- 
factured for different purposes; the principal of 
these are flint-glass, crown-glass, and bottle-glass. 

Flint-glass is the densest, most transparent, 
colourless, and beautiful. It is sometimes called 
crystal. The best kind is said to be manufactured 
in London, irom 120 parts of white siliceous sand, 
40 parts of pearl-ash, 35 of red oxyde of lead, 13 
of nitrate of potash, and 25 of black oxyde of man- 
ganese. It is the most fusible glass. It is used 
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for bottles, and other utensils, intended to be cut 
and polished, and for various ornamental purposes. 

Crown-glass differs from the last, in contwning 
nn lead. It is made of soda and fine sand. It is 
used for panes of windows, &c. 

Bottle-glass is the coarsest sort of all. It is 
made from kelp and common sand. Its green 
colour is owing to iron. It is the least fusible. 

Glass is sometimes coloured by mixing with it 
while in a fluid state, various metallic oxyds. It 
is coloured blue, by tlie oxyd of cobalt ; red, by 
the oxyd of gold ; green, by the oxyd of copper 
or iron ; t/elliru:, by the oxyd of silver or anti- 
mony, and violet, by the oxyd of manganese. 

The hardness of glass is very considerable ; its 
specific gravity varies from 2.3 to 4, according to 
the (juantity of metallic oxyd which enters into 
its composition. Though glass, when cold, is 
brittle, it is one of the most ductile bodies known. 
When liquid, if a thread of melted glass be drawn 
out, and fastened to a reel, the whole of the glass 
can be spun off; and by cutting the threads of a 
certain length, there is obtained a sort of feather of 
glass. A thread of glass may be thus drawn or 
spun so fine, as to be scarcely visible to tlie naked 
eye. Glass is almost perfectly elastic, and is one 
of the most sonorous bodies. Fluoric acid dis- 
solves it at common temperatures, and alcalis in a 
great degree of heat. These arc the only sub- 
stances known which act upon it. 

Glass utensils require to be gradually cooled 
in an oven: this operation is called annealing, and 
is necessary to prevent their breaking by change 
of terapeiature, wiping, or slight accidental 
scratches. 
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Two toys are made of unannealed glat^s, which, 
tlioiigli commonly used tor the amusement of chil- 
dren, exliibit phenomena which justly interest the 
curiosity of the philosopher; wc mean Prince 
Rupert's drops, and the Bologiia flask or philoso- 
phical phial. 

Prince Rupert's Drops are made by letting drops 
of melted glass fall into cold water : the drop as- 
sumes, by that means, an oval form, with ;i tail or 
neck resembling a retort. These drops are said to 
have been first invented by Prince Rupert, and 
are, therefore, called by his name. They possess 
this singular property, tliat if a small portion of the 
tail is broken ofti the whole bursts into powder with 
an explosion; and a coiiiiiderable shock is commu- 
nicated to the liand that grasps it. 

The Bologna or philosophical phialy is a small 
vessel of glass, which has been suddenly cooled^ 
open at the upper end, and rounded at the bottom. 
It is made so liiick at the bottom, (hat it wJU bear 
a smart blow against a hard body, without break- 
ing } but if a little pebble, or piece of flinty is let 
fall into it, it immediately cracks, and the bottom 
falls into pieces : but unless the pebble or flint is 
large and angular enough to scratch the surface of 
the glass, it will not break. 

The most generally received explanation of these 
facts is founded on the assumption, that the dimen- 
sions of those bodies which are suddenly cooled, 
are larger than, those which are more gradually 
cooled. The dimensions, therefore, of the smooth 
external surface of these glasses which are suddenly 
cooled, are supposed to be larger than is adapted to 
the accurate envelopement of the internal part, 
which is necessarily cooled in a more gradual man- 
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ner ; i^ therefore, by a crack or scratch, a disjunc- 
tion of the cohesion takes place, in the internal sur- 
face, the hidden action of the parts which remained 
in a state of tension, to recover that of perfect co- 
hesion, is supposed to effect the destruction of the 
the mass. 

VARNISHING. 

By varnish is understood a clear limpid fluid, 
capable of hardening, without losing its transpa- 
rency; used by painters, gilders, &c. to give a 
lustre to their works, and to preserve and defend 
them from the air and moisture. 

A coat of varnish ought to possess the following 
properties: 1. It must exclude the action of the 

air : because wood and metals are varnished to de« 
fend them from decay and rust. S. It must resist 
water ; for otherwise the effect of the varnish could 
not be permanent. 3. It ought not to alter such 
colours as are intended to be preserved by this 
, means. It is necessary, therefore, that a varnish 
should be easily extended or spread over the sur- 
face, without leaving pores or cavities, that it should 
not crack or scale, and that it should resist water. 

Resins are the only bodies that possess these pro- 
perties, consequently they must form the basis of 
every varnish. For this purpose they must be dis- 
solved, as minutely divided as possible, and com- 
bined in such a manner, that the imperfections of 
those that might be disposed to scale, may be cor- 
rected by others. 

Resins may be dissolved by three agents: 1. by 
fixed or fat oil; 2. by volatile, or essential oil; 
3. by spirit of wine. Accordingly, we have three 
kinds of varnish : Jaty or oili/ varnish ; essential oil 
varnish ; and spirit varnish. 
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These agents are of sucii a nature as either to 
dry up and become hard, or to evaporate and fly 
off, leaving tlie resin fixed behind. 

Varnishes should be carefully kept from dust, 
and in very clean vessels: they should be laid as 
thin and even as possible with a large flat brush, 
taking care to lay the strokes all one way. A warm 
room ia best for varnishing in, as cold chills the 
varnish, and prevents it from laying even. 

Varnishes are polished with pumice-stone and 
tripoli' The pumice-stone must be reduced to a 
very fine powder, and put upon a piece of serge 
moistened witli water; with this the varnished sub- 
atauce is to be rubbed equally and lightly. The 
tripoU must also be reduced to a fine powder, and 
put upon a clean woollen clotli, moistened with 
olive-oil, with which the polishing is to be per- 
Ibrmed. The varnish is then to be wiped with soft 
linen, and, when quite dry, cleaned with starch, or 
Spanish -white, and rubbed with the palm of the 
hand, or with a linen cloth. 

Fat Oil Varnish. 

Fixed or fat oil will not evaporate ; nor will it 
become dry of itself. To make it dry, it must be 
boiled with metallic calces or oxides. Litharge is 
generally used for this purpose. Oil so prepared is 
called drying-oil. To accelerate the drying of oil 
varnish, oil of turpentine is added. 

Gum-copal, and amber, arc the substances priii' 
cipally employed in oil varnishes ; the copal being 
whitest, is used for varnishing light, the amber for 
dark colours. 

It is best to dissolve them before mixing them 
with the oil j because, by this means, they are in 
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less danger of being scorched, and at the same time 
the varnish is more beautifuL They should be 
melted in an iron pot over the fire : they are in a 
proper state for receiving the oil when they give 
no resistance to the iron spatula, and when they 
run off from it drop by drop. 

To make oil varnish, pour four, six, or eight 
ounces of drying-oil among sixteen ounces of 
melted copal, or amber, by little and little, con- 
stantly stirring the ingredients at the same time, 
with the spatula. - When the oil is well mixed with 
the copal or amber, take it off the fire ; and when 
it is pretty cool, pour in sixteen ounces of the 
essence of Venice turpentine. After the varnish 
is made, it should be passed through a linen cloth. 

Oil varnishes become thick by keeping; but 
when they are to be used, it is only necessary to 
pour in a little Venice turpentine, and to put them 
a little on the fire. Less turpentine is necessary in 
summer than in the winter : too much oil hinders 
the varnish from drying; but when too little is 
used, it cracks, and does not spread properly. 

Black Varnish for Coaches and Iron- Work. 

This varnish is composed of asphaltum, resin, 
and amber, melted separately, and afterwards 
mixed ; the oil is then added, and afterwards the 
turpentine, as directed above. The usual propor- 
tions are, twelve ounces of amber, two of resin, two 
of asphaltum, six of oil, and twelve of turpentine, 

A Varnish for rendering Silk Watei' and Air- tight. 

To render the linseed-oil drying, boil it with 
two ounces of sugar of lead, and three ounces of 

VOL. II. R 
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litharge, tor every pint of oil, till the oil lias dis- 
solved them; then put a pound oC hird-liiiif, and 
halt' a pint of tlie drying oil into a pot of iron or 
copper, liolding about a gallon; and let it boil 
jjently over a slow charcoal fire, till the bird-lime 
ceases to crackle; then pour upon it two pints and 
A half of drying-oil, and boil it lor about an hour 
longer, stirring it otlen with an iron or wooden 
•patula. As the varnish in boilin;^ swells much, the 
pot should be removed from the fire, and replaced 
when the varnish subitides. While it is boiling, it 
should be occasionally examined, in order to deter- 
mine whether it has boiled enough. For this pur- 
pose, take some of it upon the blade of a large 
knife, and after rubbing the blade of another knife 
upon it, separate the knives; and when, on their 
separation, the varnish begins to form tlu-eads be- 
tween the two knives, it has boUed enough, and 
should be removed ti'om ttie fire. Wlien it is almost 
cold, add about an equal quantity of spirits of tur- 
pentine; mix both well together, and let the mass 
rest till the next day; then having warmed it a 
little, strain and hottje it. If it is too thick, add 
spirits of turpentine. This varnish should be laid 
upon the stuff when perfectly dry, in a lukewarm 
state; a thin coat of it upon one side, and, about 
tvelve hours after, two other coats shoidd be laid 
on> one on each side ; and in twenty-four hours the 
Bilk may be used. 

Mr. Blanchar^s Vaniishjor Air-lfalloom. 

Dissolve elastic gum (Indian-rubber), cut small, 
in five times its'weight of spirits of turpentine, by 
keeping them some days together ; then boil one 
ounce of this solution in eight ounces of drying 
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linseed-oil for a few minutes> and stridn it. Use 
it warm. 

Essential Oil Varnish. 

The essential varnishes consist of a solution of 
resin in oil of turpentine. This varnish being ap- 
plied, the turpentine evaporates, leaving the resin 
behind. They are commonly used for pictures. 

To dissolve Oum Copal in Oil qf Turpentine. 

Whatever quantity is to be dissolved should be 
put into a glass vessel capable of containing at 
least four times as much, and it should be high in 
proportion to its breadth. 

Reduce two ounces of copal to small pieces, and 
put them into a proper vessel. Mix a pint of oil 
of turpentine with one-eighth part of spirit of sal 
ammoniac ) shake them well together, put them to 
the copal ; cork the glass, and tie it over with a 
string or wire, making a small hole through the 
cork. Set the glass in a sand heat, so regulated as 
to make the contents boil as quickly as possible, 
but so gently, that the bubbles may be counted as 
they rise from the bottom. The same heat must be 
kept up exactly till the solution is complete. 

It requires the most accurate attention to suc- 
ceed in this operation. After the spirits are mixed, 
they should be put to the copal, and the necessanr 
degree of heat be given as soon as possible. It 
should likewise be kept up with the utmost regu- 
larity. If the heat abates, or if the spirits boil 
quicker than is directed, the solution wlfl immedi- 
ately stop, and it will after\vards be in vain to pro- 
ceed with the same materials; but if properly 

a 2 
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managed, the spirit of sal ammoniac will be seen 
gradually to descend from the mixture, and attack 
the copal, which swells and dissolves, except a very 
small quantity which remains undissolved. 

It is of much consequence that the vessel should 
not be opened till some time after it has been per- 
fectly cold. It has happened, on uncorking the 
vessel, when it was not warm enough to aifect the 
hand, that the whole of the contents were blown 
with violence against the ceiling. It is Hkcwise 
important, that the spirit ai turpentine should be 
of the best quality. Tlie turpentine bought at the 
colour-shops seldom answers ; it should be hat! 
from Apothecaries' hail. 

This varnish is of a rich deep colour, when 
viewed in the bottle, but seems to give no colour 
to the pictures it is laid on. If left in the damp, 
it remains tackyy as it is called, a long time; but 
if kept in a warm room, or placed in the sun, it 
dries as well as any other turpentine varnish ; and 
when dry, it appears to be as durable as any other 
solution of copal. 

Spirit Vamis}ws. 

When resins are dissolved in alkohol,- com- 
monly called spirits of wine, the varnish dries very 
speedily, but is subject to crack. This fault is 
corrected by adding a small quantity of oil of tur- 
pentine, which renders it brighter, and less brittle 
when dry. 

To' dissolve Gum Copal in Spirits of Wine. 

Dissolve half an ounce of camphor in a pint of 
alkohol, or spirits of wine \ put it into a circulat* 
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ing glass, and add four ounces of copal, in small 
pieces ; set it in a sand-heat so regulated, that the 
bubbles may be counted as they rise from the bot- 
tom ; and continue the same heat till the solution 
is completed. 

Camphor acts more powerfully upon copal than 
any other substance. If copal is finely powdered, 
and a small quantity of dry camphor rubbed with 
it in the mortar, the whole becomes in a few 
minutes a tough coherent mass. The process 

above described will dissolve more copal than the 
menstruum will retain when cold. The most 
economical method will, therefore, be,^to set the 
vessel which contauis the solution by for a few 
days •, and when it is perfectly settled, pour off 
the clear varnish, and leave the residuum for a 
future operation. 

This is a very bright solution of copal : it is an 
excellent varnish for pictures, and may, perhaps, 
be found to be an improvement in fine japan 
works, as the stoves used in drying those articles 
may drive off the camphor entirely, and leave the 
copal pure and colourless upon the work. 

N. B. Copal will dissolve in spirit of turpentine, 
by the addition of camphor, with the same facility, 
but not in the same quantity, as in alkohol. 

A Varnish fir Wainscot^ Cane Chairs^ S^. 

Dissolve in a quart of spirits of wine, eight 
ounces of gum sandarach, two ounces of seed-lac, 
and four ounces of resin ; then add six ounces of 
Venice turpentine. If the varnish is to produce 
a red colour, more of the lac and less of sandarach 
should be used, and a little dragon^s blood should 
be added. This varnish is very strong. 

R 3 
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A Varnislijbr Toilet-Boxes, Cases, i-'am, ^x. 

Dissolve two ounces of gum masticli, and eight 
ounces of gtim sandarach, in a quart of alkohol j 
then aJd four ounces of Venice lurpeoUne, 



A Varnish for VioUns, and other. Musical 
Jnstnanents. 

Put four onnces of gum sandarach, two ounces 
of lac, two ounces of gum mastich, an ounce of 
gum elcmi, into a quart of alkohol, and hang thera 
over a slow fire till they are dissolved ; then add 
two ounces of turpentine. 



Varnish Jhr employing Vermlion for painting " 
Ei^uipages. 

Dissolve in a quart of alkohol six ounces of 
sandarach, three ounces of gum lac, and fbup 
ounces of resin j afterwards add six ounces of the' 
dieapest kind of turpentine : mix it with a pro- 
per quantity of vermilion when it is to be used. 

Seed'lac Famish. 

Take spirits of wine, one quart ; put it in s 
wide mouthed bottle, add thereto eight ounces of 
s«e<)-tac, that is large grained, bright, and clear, 
free from dirt and sticks ; let it stand two days, or 
longer, in a warm place, often shaking it. Strain 
it through a flannel into auottier bottle, and it is 
fit for use. 
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SheU-lac Varnish. 



Take one quart of spirits of wine, eight ounc^ 
of the thinnest and most transparent shell-lac» 
which, if melted in the flame of a candle^ will 
draw out in the longest and finest hair ; mix and 
shake these together, and let them stand id a 
warm place for two days, and it is ready for use. 
This varnish is softer than that which is "made 
from seed-lac, and, therefore, is not so useful ; but 
may be mixed with it for varnishing wood, &c. 

Wlnte Varnish fw Clock Faces, fy:. 

Take of spirits or wine, highly rectified, one 
pint, which divide into four parts ; then mix one 
part with half an ounce of gum mastich, in a phial 
by itself} one part of spirits, and half an ounce 
of gum sandarach, in another phial ; one part of 
spirits, and half an ounce of the whitest parts of 
gum-benjamin. Then mix and temper them to 
your mind. It would not be amiss to add a little 
bit of white resin, or clear Venice turpentine, in 
the mastich bottle ; it will assist in giving a gloss. 
If your varnish prove too strong and thick, add 
spirits of wine only ; if too hard, some dissolved 
mastich ; if too soft, some sandarach or benjamin. 
No other rule can be given, unless the quality of 
the gums and the spirits could be ascertained. 
When you have brought it to a proper temper, 
warm the silvered plate before the fire, (if a clock 
face, taking care not to melt the wax,) and with 
a flat camel's-hair pencil, stroke it all over until 
no white streaks appear. This will preserve silver- 
ing many years. 

R 4 
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Japanniiig is properly the art of varuisliing and 
painting ornaments on wood, in the same manner 
us is done by the natives of Japan in the East 
Imlies. 

The substances which admit of being japanned 
are almost all kinds that are dry and rigid, or 
not too flexible ; us wood, metals, leather, and 
paper prepared. 

Wood and metals do not require any other pre- 
paration but to have their surfaces perfectly even 
and clean ; but leather should be securely strained, 
either on frames or on boards ; as its bending, or 
forming folds, would otherwise crack and force off 
the coats of varnish. Paper should be treated in 
the same manner, and have a previous strong coat 
of some kind of size i but it is rarely made the 
subject of japanning till it is converted into papier 
mache, or wrought by other means into such form, 
that its original state, particularly with respect to 
flexibility, is changed. 

One principal variation from the method for- 
merly used in japanning is, the omitting any prim- 
ing, or undercoat, on the work to be japanned. 
In the older practice, such a priming was always 
employed; the use of it was to economize the 
varnish by fllling up the inequalities in the surface. 
But there is a great inconvenience arising from 
the use of it, that the japan coats are constantly 
liable to be cracked and peeled off by any vio- 
lence, and will not last near so long as the articles 
which are japanned without any such priming. 

The French still retain the use of this under- 
coat, and their Japanned gootis are upon tliat 
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account less durable than those manufactured at 
Birmingham, where it is not used. 

Of the Nature of Japan Grounds. 

When a priming is used, the work should first 
be prepared by being well smoothed with fish-skin 
or glass-paper, and being made thoroughly clean, 
should be brushed over once or twice with hot 
size, diluted with two^thirds water, if it is of the 
common strength. The priming should then be 
laid on as even as possible, and should be formed 
of a size, of a consistency between the common 
kind and glue, mixed with as much whiting as 
will give it a sufficient body of colour to hide 
the surface of whatever it is laid upon, but 
not more. This must be repeated till the inequal- 
ities are completely filled up, and then the work 
must be cleaned off with Dutch rushes, and 
polished with a wet rag. 

When wood or leather is to be japanned, and no 
priming is used, the best preparation is to lay two 
or three coats of coarse varnish, composed in the 
following manner. 

Take of rectified spirits of wine one pint, and of 
coarse seed-lac and resin, each two ounces ; dis- 
solve the seed-lac and resin in the spirit, and then 
strain off the varnish. 

This varnish, as well as all others formed of 
spirit of wine, must be laid on in a warm place ; 
and if it can be conveniently managed, the piece 
of work to be varnished should be made warm like- 
wise ; and for the same reason, all dampness should 
be avoided j for either cold or moisture chills this 
kind of varnish, and prevents its taking proper 
hold of the substance on which it is laid. 
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When the work is so prepared, or by the priming 
with the composition of bize autl whiting above 
described, the proper japan ground must be 
laid on, which is much the best formed of shell- 
lac varnish, and the colour desired, except white, 
which requires a peculiar treatment ; and if bright- 
ness be wanted, then also other means must be 
pursued. 

The colours used with the shell-lac varnish may 
be any pigments whatever which give the tint of 
the ground desired. 

As metals never require to be under-coated 
with whiting, they may be treated in the same 
manner as wood or leather. 

While Japan Grounds. 

The difficulty of forming a ground that shall be 
at the same time hard and white, arises from there 
being no substance that will form a very hard var- 
nish, ami yet liavc no colour. The best is made as 
follows : Mix flake white, or white lead, with one- 
sixth of its weight of starch, and- dry the mixture, 
and temper it with mastich varnish. Lay this on the 
substance to be japanned, with or without the under 
coat of whiting; then varnish it with five or six 
coats of a varnish made by dissolving two ounces 
of picked lac, and three ounces of gum animi, in a 
a quart of spirit of wine, straining off the clear 
varnish. 

A very good varnish, free from all brittleness, 
may be formed, by dissolving as much gum animi 
as the oil will take, in old nut, or poppy oil, boiled 
gently, when the gum is put into it. The ground 
of white colour may be laid on in this varnish, and 
then a coat or two may be put over the ground : 



but it must be well diluted with pil of turpentine 
when it is used. 

Blue Japan Grounds. 

Blue japan grounds may be formed of bright 
Prussian-blue; or of verditer, glazed over by Prus* 
sian-blue, or smalt. The colour may be best mixed 
with shell-lac varnish, and brought to a polishing 
state by five or six coats of varnish of seed-lac; but 
the varnish, nevertheless, will somewhat injure the 
colour, by giving to a true blue a cast of green, and 
fouling in spme degree a warm blue by the yellow 
it contains ; where, therefore, a bright blue is re- 
quired, and a less degree of hardness can be din* 
pensed with, the method before directed in the 
case of white grounds must be pursued* 

Red Japan Grounds. 

For a scarlet japan ground, vennilion may be 
used; but the vermilion has a glaring effect, that 
renders it much less beautiful than the crimson 
produced by glazing it over with carmine or fine 
lake, or even with rose pink, which has a very good 
effect, used for this purpose. For a very bright 
crimson, nevertheless, instead of glazing with car- 
mine, the Indian lake should be used, dissolved in 
the spirit of which the varnish is compounded, 
which it readily admits of when good; and in this 
case, instead of glazing with the shell-lac varnish, 
the upper, or polishing coats need only be used, as 
they will equally receive and convey the tinge of 
the Indian lake, which may be actually dissolved 
by spirits of wine, and this will be found a much 
cheaper method than the using carmine. If^ how- 
ever, the highest degree of brightness is required, 
the white varnish must be used. 
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Yellow Japan Grounds. 

For bright yellow grounds, king's yellow, or 
turpeth mineral should be employed, either alone 
or mixed with tine Dutch pink, and the eflect may 
be still more heightened, by dissolving powdered 
turmeric root in the spirits of wine, of «"hich the 
upper or polishing coat is niade^ which spirits of 
wine must be strained from off the dregs, before the 
seed-lac be added to it, to form the varnish. 

The seed-lac varnish is not equally injurious 
here, and with greens, as is the case of other co- 
lours; because, being only tinged with a reddish 
yellow, it is little more than an addition to the force 
of the colours. 

Yellow grounds may be likewise formed of Dutch 
pink only, which, when good, will not be wanting 
in brightness, though extremely cheap. 

Green Japan Grounds. 

Green grounds may be produced by mixing 
king's yellow and bright Prussian blue, or rather 
turpeth'-mineral and Prussian blue. And a cheap, 
but fouler kind by verdigris, with a httle of the 
above mentioned yellows, or Dutch pink. But 
■where a very bright green is wanted, the crystals 
of verdigi'is, called distilled verdigris, should be 
employed ; and to heighten the effect, they should 
be laid on a ground of leaf gold, which renders the 
colour extremely brilliant and pleasing. 

Orange Japan (xrounds. 

Orange coloured japan grounds may be formed 
by mixing vermilion, or red lead, with king's yel- 
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low, or Dutch pink, or the orange lake, which will 
make a brighter orange ground than can be pro- 
duced by any mixture. 

Purple Japan Grounds. 

These may be produced by the mixture of lake 
and Prussian blue ; or of a darker kind, by Vermil- 
lion and Prussian blue. They may be treated as 
the rest, with respect to the varnish. 

Black Japan Grounds. 

Black grounds may be formed without heat, by 
either ivory black or lamp black ; but the former is 
preferable where it is perfectly good. These may 
always be laid on with shell-lac varnish; and have 
their upper, or polishing coats of common seed- 
lac varnish, as the tinge or foulness of the varnish 
can here be no injury. 

Common black Japan grounds on iron or copper, 
produced by means of heat, are formed thus : the 
piece of work to be japanned must be painted over 
with drying oil, and a little lamp black ; and when 
it is of a moderate dryness, must be exposed to 
such a degree of heat, as will change the oil to 
black, without burning so as to destroy or weaken 
its tenacity. The stove should not be too hot 
when the work is put into it, nor the heat increased 
too fast, either of which errors would make it 
blister ; but the slower the heat is augmented, and 
the longer it is continued, provided it be restrained 
within the due degree, the harder will be the coat 
of japan. This kind of varnish requires no polish, 
having received, when properly managed, a suffi- 
cient one from the heat. 
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Tortoise-shell Japan Ground. 

The best kind is made by means of a varniah 
prepared in the following manner: 

Take of good linseed-oii one gallon, and of umber 
half a pound ; boil them together till the oil become 
very brown and thick; strain it through a coarse 
cloth, and boil it in till it acquire the consiatence 
(rf pitch. 

Clean well the metal, or other pieces which are 
to be japanned, and lay vermilion tempered with 
shell-lac varnish, or with drying-oil diluted with 
oil of turpentine, very thinly, on the places intended 
to imitate the more transparent parts of the tortoise- 
sliell. When tlie vermilion ia drj', brush over the 
whole witli the black varnish, tempered to a true 
consistence with oil of turpentine; and when it is 
set and firm, put the work into a stove, where it 
may undergo a very strong heat, which must be 
continued a considerahlc time ; if e^en three weeks 
or 3 montli it will be the better. 

This was given amongst other receipts by 
Kunckel j but appears to have been neglected till 
it was revived with great success in the Birmingr 
ham manufactures, where it was much used. 

Method of painting Japan WoH: 

Japan work ought properly to be painted with 
colours in varnish; though, for the greater dis- 
patch, and in some very nice work in small, for the 
freer use of the pencil, the colours are sometimes 
tempered in oil ; whicli should previously have a 
fourth part of its weight of gum animi dissolved in 
it; or in default of that, gum sandarach, or gum 
raastich. When the oil is thus used, it should be 
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well diluted with oil of turpentine, that the colours 
may lay more evenly and thin ; by which means, 
fewer of the polishing or upper coats of varnish be- 
come necessary. 

In some instances, water colonics are laid on 
grounds of gold, in the manner of other paintings ; 
and are best without any varnish over them. When 
they are to have the effect of embossed work, the 
colours for painting are prepared by means of isin- 
glass size, with some honey or sugar candy. The 
body of which the embossed work is raised, need not, 
however, be tinged with the exterior colour, but may 
be formed of very strong gum water, thickened to 
a proper consistence by bole armoniac and whiting 
in equal parts; which being laid on the proper 
figure and repaired when dry, may be then painted 
with the proper colours, tempered with the isin- 
glass size, or, in the usual manner, with shell-lac 
varnish. 

Manner qf varnishing Japan Work. 

The finishing of japan-work consists in laying on, 
and polishing, the outer coats of varnish. This is in 
general done best with common seed-lac varnish. 
But where brightness is the most material point, and 
a tinge of yellow will injure it, seed-lac must give 
way to the whiter gums ; where hardness, and a 
greater tenacity are most essential, it must be re- 
tained; and the mixed varnish mentioned above, 
under white japanned ground, made of the picked 
seed-lac, must be adopted. 

With respect to making this varnish, it may be 
observed, that when the spirit of wine is very 
strong, it will dissolve a greater proportion of the 
seed-lac ; but this quatitity will saturate the com- 
mon, which is seldom of a strength sufficient to 
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make varnishes in perfection. As the chilling, 
which is the most inconvenient accident attending 
varnishes of this kind, is prevented, or produced 
more frequently, according to the strength of the 
spirit ; we shall show a method by which weaker 
rectified spirits may be rendered of the first degree 
of strength. 

Take a pint of the common rectified spirit of 
wine, and put it into a bottle, of which it will not 
fill above three parts ; add to it half an ounce of 
pearl-ashes, salt of tartar, or any other alcaline 
salt, heated red hot, and powdered as well as it 
can be without much loss of its heat. Shake the 
mixture frequently for the space of half an hour ; 
before which time, a great part of the phlegm will 
be separated from the spirit, and will appear, toge- 
ther with the undissolved part of the salts, in the 
bottom of the bottle. I^et the spirit be poured otf 
or freed from the phlegm and the salts, by means 
of a separating funnel ; and let half an ounce of 
the pearl-ashes, hcLilcd imd powdei'cd as before, be 
added to it, and the same treatment repeated. 
This may be done a third time, if the quantity of 
phlegm separated by the addition of the pearl- 
ashes appear considerable. An ounce of alum 
reduced to powder, and made hot, but not burnt, 
must then be put into the spirit, and suffered to 
remain some hours, the bottle being frequentiv 
shaken j after which the spirit being poured oif 
from it, will be fit for use. 

The addition of the alum is necessary to neu- 
tralize the remains of the alcaline salt, which 
would otherwise greatly deprave the spirit. 

The manner of using the seed-lac, or white 
varnish, is the same, except with regard to the 
substance used in polishing; which, where a pure 
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white of a great dearaess. of other colours is in 
question* should be. itself white} whereas the 
browner sorts of polishing-dust, as being cheaper, 
and doing their business with greater dispatch, 
may be used in other cases. The pieces of work 
to be varnished sl^ould be placed near a fire, or in 
a room where there is a stove, and made perfectly 
dry; and then the varnish may be rubbed over 
them by the proper brushes made for that pur- 
pose, beginning in the middle, and passing the 
brush to one end, and then with another stroke 
from the middle, passing it to the other.. But 
no part should be crossed, or twice passed over, 
in forming one coat, where it can be possibly 
avoided. When one coat is dry, another must be 
laid over it i and this must be continued at least 
five or six times, or more, if, on trial, there be not 
sufficient thickness of varnish to bear the polish, 
without laying bare' the painting or ground colour 
underneath. 

When a sufficient number of coats is thus laid 
on, the work is fit to be polished ; which must be 
done, in common cases, by rubbing it with a rag, 
dipped in tripoli, or rotten-stone, finely powdered ; 
but, towards the end of the rubbing, a little oil of 
any kind should be used along with the powder ; 
and when the work appears sufficiently bright and 
glossy, it should be well rubbed with the oil alone, 
to clean it from the powder, and give it a still 
brighter lustre. 

In case of white grounds, instead of tripoli, or 
rotten-stone, fine putty, or whiting must be used ; 
both of which should be washed over, to prevent 
the danger of damaging the work, from any sand 
or gritty matter that may happen to be mixed 
with them. 

VOL. II. s 
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It is a great improvement in all kinds of japanned 
work, to harden the varnish by means of heat j 
which in every degree tiiat it can be appliedj short 
of what would burn or calcine the matter, tendii 
to give it a more firm and strong texture. 

Where metal forma the body, a very hot stove 
may be used ; and the pieces of work may be con- 
tinued in it a considerable time, especially if the 
heat be gradually increased ; but where wood is in 
question, heat must be sparingly used, as it would 
otherwise warp or shrink the body, so as to injure 
the general figure. 



LACQUERING. 

lacquering is the laying either coloured or 
transparent varnishes on metals, in order to pro- 
duce the appearance of a different colour in the 
metal, or to preserve it from rust, or the injuries 
of the weather. 

Lacquering is used where brass is to be made 
to have the appearance of being gilt ; where tin is 
wanted to have the resemblance of yellow metals ; 
and where brass locks or nails, or other such mat- 
ters, are to be defended from the corrosion of the 
air or moisture. 

The principal substance used for the compo- 
sition of lacquers, is seed-lac ; but for coarser pur- 
poses, resin or turpentine is added, in order to 
make the lacquer cheaper. 



A Lacquer /or Brass, to imitate Gilding. 

Take of turmeric oile ounce, aod of safiron an^ 
Spanish annotto, each two drachms. Put tHem 
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into a proper bottle, wjtii a pint of highly rectified 
spirits of wine, and place them in a moderate heat, 
often shaking them for several days. A very 
strong yellow tincture will then be obtained, 
which must be strained off from the dregs through 
a coarse linen cloth ; and then, being put back 
into the bottle, three ounces of good seed-lac, 
powdered grossly, must be added, and the mixture 
placed again in a moderate heat and shaken till 
the seed-lac be dissolved, or at least such a part of 
it as may. The lacquer must then be strained, and 
must he put into a bottle well corked. 

WTiere it is desired to have the lacquer warmer 
or redder than this composition, the proportion of 
the annotto must he increased ; and where it is 
wanted cooler, or nearer to a true yellow, it must 
be diminished. 

The above, properly managed, is an extremely 
good lacquer, and of moderate price ; but the 
following, which is cheaper, and may be made 
where the Spanish annotto cannot be procured 
good, is not greatly inferior to it. 

Take of turmeric root, ground, one ounce, of 
the best dragon's blood half a drachm. Put them 
to a pint of spirits of wine, and proceed as above. 
By diminishing the proportion of dragon's blood, 
the vaniish may be rendered of a redder or truer 
yellow cast. 

Saffron is sometimes used to form the body of 
colour in this kind of lacquer, instead of the tur- 
meric ; but though it makes a warmer yellow, yet 
the deamess of it, and the advantage which tur- 
meric has in forming a much stronger tinge in 
spirits of wine, gives it the preference. Though 
being a true yellow, and consequently not suffi- 
ciently warm to overcome Ihe greenish cast of 
s S 
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brass, it requires the adtlitioii of some orange 
coloured tinge to make it a perfect lacquer. 

Aloes and gamboge are also sometimes used in 
lacquers for brass j but the aloes is not necessary 
where turmeric or saffron is used ; and the gam- 
boge, liiough a very strong milky juice in water, 
affords but a very weak tinge in spirit of wine. 

A Lacguerjbr 2V«, to im'ttaie a Yellow Melal. 

Take of turmeric root one ounce, of dragon's 
blood two drachms, and of spirits of wine one 
pint i add a sufficient quantity of seed-lac. 

A Laequerjbr Locks, S^v. 

8eed-lac varnish alone, or with a little dragon's 
blood : or a compound varnish of equal parts of 
Med-lac and resin, with or without the dragon's 
blood. 



A Gold-coloured Lacquer for gilding Leather. 

What is called gilt leaiher, and used for screens, 
borders for rooms, &c. is only leather covered 
with ^Iver leaf, and lacquered with the fdktwing 
composition. 

Take of fine white resin four pounds and a balf, 
of common resin the same quantity, of gum san- 
darach two pounds and a halfi and of aloes two 
pounds ; mix them together, after having bruised 
those which are in great pieces, and put them into 
an earthen pot, over a good fire made of cbarcoili 
or over any ire where there is no 6ame. Mdt all 
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'Ble ingretUents in this manner, stirring them well 
with a spatula, that they may be thoroughly mixed 
together, and be prevented also from sticking to 
the bottom of the pot. When tliey are perfectly 
melted and mixed, and gradually to them seven 
pints of linseed oil, and stir the whole well 
together with the spatula. Make the whole boil, 
Btirring it all the lime to prevent a kind of sediment 
that will form, from sticking to the bottom of the 
vessel. When the varnish is almost sufficiently 
boiled, add gradually half an ounce of litharge, or 
half an ounce of red-lead, and when they are dis- 
^iolved, pass the varnish through a linen cloth, or 
flannel bag. 

The time of boiling this varnish should be about 
Seven or eight hours. This, however, varies, ac- 
cording to circumstances. The way of knowing 
when it is sufficiently boiled, is by taking a little on 
some instrument, and if it draws out and is ropy, 
amd sticks to tlic fingers, drying on them, it is 
done ; but if not, it must be boiled till it acquirer 
these qualities. 

GILDING. 

Gilding is the application of gold to the surfaces 
of bodies: it is of two principal kinds, according 
to the method of applying the gold. 

Wood, leather, paper, and similar substancen, 
are gilt by fastening on leaves of gold by means of 

me cement. But metals are gilt by a chemical 

iplication of the gold to the surface. This last 
I called water gilding. 

The gilding of wood, and similar substances, is 
rf three kinds ; oil gilding, hiirnishcd gik/ing, and 
ypa/mers' gildi>'g,v/hichwe shall severally describe. 
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afler noticiag the materiaU and tools necessary lor 
going to work. 

OfGold.Leaj: 

There are three kinds of gold-leaf In common 
use. 

Pure gold-lea/^ which is made by hammering 
gold between the leax'es of a book made of skins, 
till they are aufliciently thin. 

Pale leaf-gold, which has a greenish colour, and 
is uiadeof gold alloyed with silver. 

Dutch gold, whicii is brought from Holland, and 
is in fact only copper-leaf coloured by the fumes of 
zinc. It is much cheaper than true leaf-gold, and 
U very useful where large quantities of gilding are 
wanted, which can be defended from tlie weather, 
and where great nicety is not required ; but it 
changes its colour entirely when exposed to mois- 
ture ; and, indeed, in all cases, its beauty is soon 
impaired, unless well secured by vaniish. It is 
therefore only a cheap substitute for true gold-leaf, 
which may be useful where durability is not an 
object. 

Q/"ttc Instruments necessary for Gilding. 

The first instniment is the cushion, for recaving 
the leaves of gold from the books in which titey 
are bought. It is nwde by covering a board oi 
about eight inches square, with a double thicknesa 
of flannel, and over that, a piece of buff leather, 
and fastening it tight round the edges. 

The htf/e for cutting the leaves into the requisite 
sizes should be made like a pallet knife, and should 
|iot have its edge too ^arp. 



The lip is a tool made by iasleiiing the loug 
hail's of a squirrel's t^ between two cards, and is 
used for taking up the gold-leaf after it is cut, and 
applying it to the article to be gilded. 

Aj?/c/i pencil is used for the same purpose as the 
last, in taking up very small bits of gold-leaf. A 
ball of coilon is necessary for pressing down the 
leaf, after it is laid on. A large carneCa-hair brush 
is used for dusting the work, and clearing away 
the superfluous gold. 
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Oil Gildijig. 

Prime the work with boiled linseed-oil and 
white-lead ; and when that Is dry, do it over with a 
thin coat of gold size, made of stone ochre ground 
in fut oil. When that is so dry as to feel clammy 
to the fingers, or to be, as the gilders call it, tackj/, 
it is iit for gilding, tlaving spread your leaves 
upon the cushion, cut them into slips of the proper 
width for covering the work. Then breathe upon 
your tip, which, by moistening it, will cause it to 
take up the leaves from the cusliiou. Having ap- 
applied them by the tip on the proper parts of the 
work, press them down by the ball of cotton. 
Observe to repair, by putting small pieces of gold 
on any parts which you have omitted to cover. 
When all the work is suflBciently covered, let it 
dry, and clean it off with the brush. 

This sort of gilding is the easiest, least expen- 
sive, and stands the weather best, and may be 
cleaned with a tittle water at any tunc ; but wants 
the lustre of burnished gilding. 



Burnished Gilding. 

This is the sort of gilding generally used for 
picture-frames, looking-glasses, &c. 

ITie wood intended to be gilt in this manner 
should first be well sized, and then done over with 
seven or eight coats of size and whiting, so as to 
cover it with a body of considerable thickness. 
Having got a sufficient quantity of whiting upon 
the work, it must be carefully cleaned off, taking 
care to free all the cavities and hollows from the 
whiting that may have choked them up, and by 
proper moulds and tools restoring the sharpness 
of the mouldings intended to be shown. 

It is then to receive a coat of size, which is 
made by boiling armeniac bole with parchment 
size. This must also remain till it is sufficiently 
dry for the gold. It must not be quite dry ; there- 
fore it would not be prudent to lay on more at a 
time, than can be gilt before it becomes too drj'. 

The work being thus prepared, place it a little 
declining from you, and having a cup of clean 
water ready and some hair pencils, moisten a part 
of the work, and then apply the gold by the tip to 
the moistened part. The gold will immediately 
adhere close to the work : proceed to wet the next 
part, and apply the gold as before, repeating this 
operation till the whole is completed ; taking care ' 
not to let any drops of water come upon any part 
of the gold already laid on. Care should therefore 
be taken, that no part be missed in going over it 
at first, aa it is not so easily mended as the oil 
gilding. 

The work being thus gilt, it is suffered to remain 
about t^yenty■four hours; when the parts that are 
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designed to be burnished are polished with a dog's 
tooth, or, what is better, with an agate burnisher. 
The gilding must not be quite dry when it is bur- 
nished ; there is - a state proper for the purpose, 
which is only, to be known by experience. . . 



Japanners^ Gilding. 

The. gilding of japanned work consists in draw* 
ing with a hair pencil, in gold size, the intended 
ornaments, and afterwards applying gold leaf or 
gold powder. 

The gold size may be prepared in the following 
manner: take o|dinseed-oil, and of gum animi, 
four ounces. Set the oil to boil in a proper vessel, 
and then add the gum animi gradually in powder, 
stirring each quantity about in the oil, till it appear 
to be dissolved, and then putting in another, till 
the whole be mixed with the oil. Let the mixture 
continue to boil, till, on taking a small quantity 
outi it appear of a thicker consistence than tar, and 
then strain the whole through a coarse cloth, and 
keep it for use ; but it must, when applied, be 
mixed with vermilion and oil of turpentine. 

Having laid on the gold size, and suffered it to 
dry, the gold leaf is applied in the usual way, or if 
it is not wanted to shine so much, gdd powder is 
applied, which is made by grinding gold leaf upon 
a stone with honey, and afterwards washing the 
honey away with water. If the gilding is to be 
varnished over, Dutch gold may be used, or aurum 
muaivuro may be used instead of real gold powder. 



266 



To •write on Paper -with Letters ofGoUt. 

Put some guin arable into common writiug ink, 
and write with it in the usual way. When tlie 
writing is dry, breathe on it ; the warmth and 
moisture softens the gum, and will cause it to 
fasten on the gold leaf, wliich may be laid on in 
the usual way, and the superfluous part brushed 
off. Or instead of this, any japanners' size may be 
used. 

To lay Gold upon IVh'tte Earthen-lVare, or Glass. 

Procure some japanners' gold size, and with it 
(baw your design upon tlie vessel to be gilt, moist- 
ening the gold size, as you find necessary, with oil 
of turpentine. Set your work in a clean place to 
dry, for about an hour, aud then place it so near 
the fire that you could but just bear the beat of it 
with your hand for a few seconds. Let it remain 
there till it feels quite tacky or clammy, theD, 
having procured a cushion, and some leaf gold, cut 
it into slips of the proper size, and lay it on with a 
httle cotton wool. When the gold is all on, put 
the ware into an oven to be baked for two or three 
hours. 

Glasses, &c. may also be gilt by drawing the 
figures with shell gold mixed with gum arable axid 
a little borax. Then apply sufficient heat to it ; 
and, lastly, huxnish it. 

Gilding on Glass or Porcelain, h^ Burmng-in, 

Dissolve gold in aqua regia, and evaporate the 
acid by heat \ a gold powder will be obtained ; or 
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precipitate the g61d from the solution by pieces of 
copper. Lay this gcid on with a strong solution 
of borax and gum water, and it will be ready for 
buraing-in. 

Gilding Metals. 

One method of applying gold upon metals is by 
first cleaning the metal to be gilt ; then gold leaf 
is laid on it, which, by means of rubbiug with a 
polished blood stone, and a certain degree of heat, 
are made to adhere. In this manner silver leaf is 
fixed and burnished upon brass, in the making of 
what is csMed French plate ; and sometimes also 
gold leaf is burnished upon copper and iron. 

Gilding hy Amalgamation is by previously 
fonning the gold into a paste, or amalgam, with 
mercury. 

In order to obtain an amalgam of gold and 
m^cury, the gold is first to be reduced into thin 
plates or grains, which are heated red-hot, and 
thrown into mercury previously heatied, till it be- 
gins to smoke* Upon stirring the mercury with 
an iron rod, the gold totally disappears. The pro* 
portion of mercury to gold is generally as six or 
eight to one. , 

The method of gilding by amalgamation is 
chiefly used for gilding copper, or an alloy of cop- 
per with a small portion of zinc, which more 
readily receives the amalgam, and is also prefer- 
able, on account of its colour, which more resem- 
bles that of gold than tlie colour of copper. 

When the metal to be gilt is wrought or chased, 
it ought to be previously covered with quick-silver 
before the amalgam is applied, that this may be 



easier spread ; but when the surface of the metal 
is plain, the amaigam may be directly applied to it. 
The metal required to be gilt is first rubbed over 
with a little aqua-fortis, by which the surface is 
cleaned from any rust or tarnish that might pre- 
vent the union of the two metals. The amalgam, 
being then equallj' spread over the surface by 
means of a brush, tiie mercury is evaporated by a 
heat just sufficient for that purpose; tor if it be 
too great, part of the gold may also be expelled, 
and part of it will run together, and leave some of 
the surface of the metal bare. While the mercury 
is evaporating, the piece is to be from time to time 
taken from the fire, that it may be examined ; that 
the amalgam may be spread more equally by 
means of a brush ; that any defective parts of i1 
may be again covered, and that the heat may not 
be too suddenly applied to it. Wlien the mercury 
is evaporated, which is known by the surface be- 
coming entirely of a dull yellow colour, the metal 
must then undergo other operations, by wliich the 
fine gold colour is given to it. 

First, the gilded piece of metal is rubbed with 
a scratck-bmsk (which is a brush composed of 
brass-wire,) till its surface is made smooth ; then it 
is covered over with a composition called gilding 
war, and is agfun exposed tb the fire till the wax 
be burnt off. This wax is composed of bees-wax, 
sometimes mixed with some of the following sub- 
stances, red ochre, verdigris, copper scales, alum, 
vitriol, borax ; but according to Dr. Lewis, the 
saline substances are sufficient, without any wax. 

By this operation tlie colour of the gilding ts 
heightened ; and this effect seems to be produced 
by a perfect dissipation of some mercury remain- 
ing after the former operation. 
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The gilt sur&ce is then covered over with a 
saliue composition, coosisting of nitre, alum, or 
other vitriolic salt, ground together, and mixed 
up into a paste with water or urine. The piece 
of metal thus covered is exposed to a certain de- 
gree of heat, and then quenched in water. By 
this method its colour is further improved, and 
brou^t nearer to that of gold. This effect seems 
to be produced by the acid of nitre (which is dis- 
engaged by the sulphuric acid of the alum, during 
the exposure to beat) acting upon any particles of 
copper which may happen to lie upon the gilded 
surface. 

Lastly, some artists think that they give an ad- 
ditional lustre to their gilt work, by dipping it in 
a liquor prepared by boiling some yellow materials, 
as sulphur, brpiment, or turmeric. The only ad- 
vantage of this operation is, that part of the yel- 
low matter remains in some of the hollows of the 
carved work, in which the gilding is apt to be 
more imperfect, and to which it gives a rich and 
solid appearance. 

It may here be noticed, that the use of the aqua- 
fortis or nitrous acid, mentioned in the beginning 
of the process, is not, as is generally supposed, 
confined merely to cleansing the surface of the 
metal to be gilt from rust or tarnish ; but it also 
greatly facilitates the appUcation of the amalgam 
to the surface of that metal, probably in the fol- 
lowing manner : It first dissolves part of the mer- 
cury of the amalgam; and when this solutionis 
applied to the copper, this latter metal having a 
stronger disposition to unite with the nitrous acid 
than the mercury has, precipitates the mercury 
upon its surface, in the same manner as a polished 
piece of iron precipitates upon its surface copper 
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JTom a Bolution of blue vitriol. When the metal 
to be gilt is thus oyrend over with a tinn coat 
of precipiuted mercury, it readily recavea the 
amalgatn. 

On the subject of gilding by amalgamation. Dr. 
Lewis has the fi^owing remarict: •■ There are 
two principal inconveniencies in this business; 
me, that the workmen are exposed to the fumes of 
the mercury, and generally, sooner or later, have 
their heahh greatly impaired by them : the other, 
the loss of the mercury ; for though part of it i.i 
said to be detuned in the cavities made in the 
chimneys for that purpose, yet the greatest part of 
it is l<»t. From some trials I have made, it ap- 
peared that both these inconveniencieii, particu- 
larly the first and most considerable one, might be 
in a good measure avoided, by means of a Aimace 
of a due construction." 

If the communication of a furnace with its chim- 
ney, instead of being over the fire, is madr under 
the grate, the ash-pit door, or other apertures be- 
neath the grate, closed, and the mouth of the fur- 




If such a fuittMe is made of strong forged (ml 
milled) iroo pbte, it will be suffidentiy dnndble* 
The upper end of the chimney may reach above « 
foot and a half higher than the level of the fire ) 
over this is to be placed a larger tube, leaving an 
interval of an inch, or more, all round between it 
and the cfaimnqr> and reaching to the height of ten 
or twelve feet ; the higher the better* The exter- 
nal aiiv passing up between the chimney and the 
outer pipe, prevents the latter firom being much 
heated, so that the mercurial fumes will condense 
against its sides into running quicksilver, which 
fidiing down to the bottx>m, is there catched in a 
hollow rim, fonned by turning inwards a portion 
of the lower part, and conveyed by a pipe at one 
side into a proper receiver. 

Gilding Iron or SteeL — In gilding iron or steel 

by means of an amalgam, as the metal has no 

affinity for the mercury, an agent must be em<^ 

ployed to dispose the surface to receive the gilding. 

For this purpose, a solution of mercury in nitrous 

acid (aqua fortis,) or what the workmen call quick* 

silver water, is applied to the parts intended t# 

be gilded ; the acid, by a stronger affinity, seizes 

on a portkm of the iron, and deposits in the place 

of it a thin coating of mercury, which will not 

refuse a union afterwards with the gold amalgam 

that may be applied ; but, by this process, the 

sorfiice of the metal is injured by the nitroi» acid, 

and the union of the mercury is very slight, so 

iJiat a bright and durable gUding cannot be 

obtained. 
JnoAer 922^<&0£iL-— Sometimes a solution of btac 

mirM is applied, with a camel's hair pencil, to the 

parts of the steel intended to be gilt. By a che^ 

snical action, exactly similar to what we have 
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described as taking place when a solution of nitrate 
of mercury is employed, a thin coating of copper 
is precipitated on the metal. Copper having an 
affinity for mercury, a kind of union may by this 
means be effected between the amalgam and the 
iron or steel, as the case may be. In whichever 
of these ways the amalgam be brought into union 
with the steel, the surface is injured by the action 
of the acid employed, and still a heat sufficient to 
volatilize the mercury, must be afterwards used. 

Gildivg of Iron by heat. — When the surtace is 
polished bright, it must be heated till it becomes 
blue. Gold leaf is then applied to its surface, and 
burnislied down. It is then heated again, and 
another layer of gold burnished on it. In this 
manner three or four coats are given, af cording to 
the strength of the gilding intended. This is a 
more laborious process than the two last, but it is 
not attended with so much risk. 

An improved process for gildmg Iron or Steel. — 
This process, which is less known ;uiion^ artists 
than it deserves to be, may prove useful to those 
who have occasion to gild iron or steel. The 
first part of the process consists in pouring over a 
solution of gold in nitro-muriatic acid (aqua regit) 
about twice as much ether, which must be done 
with caution, and in a large vessel. These liquids 
must then be shaken together j as soon as the 
mixture is at rest, the ether will be seen to separate 
itself from the nitro-muriatic acid, and to float on 
the surface. The nitro-muriatic acid becomes 
more transparent, and the ether darker than they 
were before i the reason of which is, that the 
ether has taken the gold from the acid. The whcde 
mixture is then to be poured into a glass funnel, 
the lower aperture of which is small ; - but this 
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afierture must not be opened till the fluids hinve 
oompleely separated themselves from each other.^ 
It is then to be opened ; by which means the 
liquid which has taken the lowest place by its 
greater gravity, viz. the nitro-muriatic acid will 
run off; after which, the aperture is. to be shut» 
and tha funnel will then be found to contun 
nothing but ether mixed with the gold, which is 
to be put into well-closed bottlesf and preserved 
for use. In order to gild iron or steel, the metal 
must first be well polished with the finest emery, 
or rather with the finest crocus martis, or dolcothar 
of vitriol, and common brandy. The auriferous 
ether is then to be applied with a small brush ; the 
ether soon evaporates, and the gold remains on the 
surface of the metal. The metal may then be put 
into the fire, and afterwards polished. By means 
of this auriferous ether, all kinds of figures may 
be delineated On iron, by employing a pen, or fine 
brush. It is in this manner, probably, that the 
Sohlinger sabre blades are gilded. 

Instead of ether, the essential oils may be used ; 
such as oil of turpentine, or oil of lavender, which 
will also take gold from its solution. 

Chid Gilding qf Silver. — Dissolve gold in the 
nitro-muriatic acid, and dip some linen rags in the 
solution ; then burn them, and carefully preserve 
the ashes, which will be very black, and heavier 
than common. When any thing is to be gilded, it 
must be previously well burnished ; a piece of 
cork is then to be dipped, first into a solution of 
salt in water, and afterwards into the black powder ; 
and the piece, after being rubbed with it, must be 
burnished. This powder is frequently used for 
gilding delicate articles of silver. 

VOL. II. T 



Gilding of Brass or Copper. — Fine instrumenta 
of brass, in order that their surface may be kept 
longer cleans may be gilded in the following 
maaaer. 

Provide a saturated solution of gold, and having 
evaporated it to the consistence of oil, sulferit to 
shoot into crystals. These crystals must then be < 
dissolved in pure water, and the articles to be 
gilded being immersed in it, are then to be washed 
in pure water, and afterwards burnished. This 
process may be repeated several times, till the arti- 
cles have been well gilt. A solution of gold 
crystals is preferred to a mere solution of gold j 
because, in the latter, there is always a portion of 
free acid, which will not fail to exercise more or 
Jess action on the surface of the brass or copper* 
and injure its polish. 

Grecian Gilding. — Dissolve some mercury ia 
muriatic acid (spirits of salts), which will give ft 
muriate of mercury. Mix equal parts of this and 
sal ammoniac, and dissolve them in aqua fortis. 
Put some gold into this, and it will dissolve. 
When this is applied to silver, it becomes black ; 
but by heating, it assumes tlie appearance of 
gilding. 

To make Shell-Gold. 

Grind up gold-leaf with honey, in a mortar; 
then wash away the honey with water, and" mix 
the gold-powder with gum-water. This may be 
applied to any article with a camePs-hair pencil* 
in the same way as any other colour. 
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SILVBRING. 

Wood, paper, &c. are silvered in the sailta 
manner as gilding is performed, asing only silvtf 
instead of gold-leaf. 

To Siher Copper or Brass. 

Cleanse the afietal with aqua fartis» by washing ji^ 
lightly, and then throwing it into the water f or byr 
sceuripg it with salt and tartar with a wire-hrush^ 
Dissolve some silver in aqua fortis, ao4 put pieosi 
of copper into the solution ; this will throw down 
tlie silver in a state of metaltic powder* Takf 
fifteen or twenty grains of this silver pow:d6rj a94 
mix with it two drairbms of tartar, the same qim^ 
tity of common salt, aad half 4 drachm oi 9I1119 ( 
rub the articles with this opmpp^iiiQli tijil they Aft 
perfectly white, tlien brush It ofl& aud ppHph tbom 
with leather. 

Another trntiiod."^ Precipitate ^ilv^ fsQm \\^ aor 
lution in aqua fortis by qc^per, as h^oif^ ( to ba)f 
an ounce of this silver adid oqn^avw^X saljt an4 mA 
ammoniac, of each two ounces* and o»e dracb# 
of corrosive sublimate ; rub them tegeCher# ^d 
make them into a paste with water* Wkh l^us, 
copper utensils of p^4^ kind, that have beeo pra^ 
viously boiled with tartar and alum, are rubbed ; 
afler which they are made red hot and polished. 

To Silver the DiaUplalcs qf Clocks^ Scales of Ba^ 

rometersy SfC. 

Take half an ounce of silver lace, add thereto 
an oimce of double refined aqua fortis ; put tbam 
into an eaithen .pot, aud place t^em over a gentle 

T 2 



tgjQ StLVEBING. 

fire till all is dissolved, which will happen io about 
five minutest then take them off, and mix it in a 
pint of clear water j after which, pour it into another 
clean ve»d, to free it Stota grit or sediment ; then 
add a spoonful of common salt, and the acid, wUch 
has now a green tinge, will immediately let go the 
ulver particles^ which form themselves into a white 
curd; pour off the acid, and mix the curd with two 
ounces of salt of tartar, half an ounce of whiting, 
and a large spoonful of salt, more or less, accord- 
iog as you lind it for strength. Mix it well up to- 
gether, and it is ready for use. 

Having well cleared the brass from scratches, 
rub it over with a piece of old hat and rottcn-stono, 
to clear it from all grcauness, and then rub it with 
salt and water with your hand : take a little of the 
before-mentioned composition on your finger, and 
nib it over where the salt has touched, and it will 
adhere to the brass and completely silver it. After 
which, wash it well with water, to take off what 
aqua fortis may remun in the composition ; when 
dry, rub it with clean rag, and give it one or two 
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wire, putting a litde borax between. The pro- 
portion of silver may be to that of the capper as 
one to twelve. Put them into a white heat, when 
the silver will be firmly fixed to the copper. The 
whole is now made to pass between rollers, till it 
is of the required thickness for .manufacturing 
various articles. 

To make French Plate. 

Heat the copper articles intended to be plated^, 
and burnish silverJeitf on it, with a burnisher. 

To^make Shell Silver. 

Grind up leaf-sUver with gum-water or honey ; 
when you have ground it, wash away the gum or 
honey, and use the powder that remains with gum- 
water, or glaire of eggs. This is laid on with a 
hair-pencil. 

To silver Looking Glasses. 

The following apparatus must first be prepared. 

1. A square marble slab, or smooth stone, well 
polished, and ground flat; the larger the better; 
"with a frame round it, or a groove cut in its edgei^ 
to keep the superfluous mercury from running oC 

S. Lead weights, covered with cloth, to keep 
them from scratching the glass; from one pound 
weight to twelve pounds each, according to the 
size of the glass which is laid down. 

3. Rolls of tinfbU. 

4. Quicksilver. 

Cut the tinfoil a little larger than the glass eveiy 

-way, and lay it flat upon the stone; and with a 

straight piece of hard wood, about three inches 

T 3 



long, fittoke U every way, that there bo no 
or wrlQk)e8 in it; tlien drop a little mercury upon it, 
rikI with a piece of cotton, wool, or hair's fbot, 
spread it all over the foil, so that ever)' pait may 
be touched with the mercury. Then, keeping the 
ifiaiWe stab nearly level with the horizon, pour the 
mercury over the foil j cover it with a fine paper; 
and lay two weights very near its lowest end or 
side, to keep the glass steady, while you draw the 
paper from between the silvered foil and the glasok 
•which must be laid upon the paper. As you draw 
the paper, you must take care that no air buhble^j 
be left ; for they will always appear, if left in at the 
first You must likewise be sure to make the glasS' 
as clean as possible on the side intended to be sU- 
vered, and have tlie paper also quite clean ; othec*' 
wise, when you have drawn the paper from under' 
it, dull white streaks will appear, which are venr 
disagreeable. 

After the paper is drawn out, place as many 
wciglita upon the glass as you conveniently can, 
in order to press out the superfluous mercury, and 
m^ce the foil adUier« ta the glass, ^licn it lias 
lain six or seven hours in this situation, raise the 
4H0tte about two or three inches at its highest ead, 
tlut tis much o^'the mercury may run off as possi- 
ble) 1^ it remain two days befbre you ventare to 
taice k vp. But beifbre you take the weights ofi*, 
i^ttHy brush the edges ot' the giasa, that no mer. 
cury may -adli^re to them^ then take it up, and 
turn it directly over, with its i^ce side downward ; 
but raise it by degrees, that tfee mercury may not 
drip off too suddenly : for if, wlieti taken up, it a 
immediately set perpendicular, air witl get in 
between the feil and the glass at the top, as the 
mercury descendstothe bottom ; by which means. 
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if you be not exceedingly careful, your labour will 
be lost. 

Another metliod, is to slide the glass over the 
ibil, without the assistance of paper. 

To Silver Glass Globes. 

Take half an ounce of clean lead, and melt it 
with an equal weight of pure tin; then immediately 
add half an ounce of bismuth, and carefully skim 
off the dross; remove the mixture from the fire, 
*iid, before it grows cold, add five ounces of mer- 
fiury, and stir the whole well together j then put 
the fluid amalgam into a clean glass, and it is fit 
for use. 

When tliis amalgam is used for foiling or silver- 
ing, let it first be strained through a linen rag ; 
then gently pour some ounces of it into the 
globe intended to be foiled : the mixture should be 
ipoured into the globe, by means of a glass or paper- 
funnel, reaching almost to the bottom of the globe, 
to prevent its splashing to the sides; the globe 
should then be dexterously inclined every way, 
though very slowly, in order to fasten the silver- 
ing. When this is once done, let the globe rest 
some hour!« ; repeat the operation, till at length tlie 
'uid mass is spread even, and fixed over the whole 
itemal surface, as it may be known to be, by 
Vviewing the globe against the light ; the super- 
^0uou3 amalgam may then be poured out, and the 
cmtside of the globe cleared. 

To Silver tlte Convex Side qf Glasses for Mirrors. 

Take an earthen plate, on which pour some pre- 
[ pared plaster of Paris, mixed with water, of a 
T 4 
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proper consistence ; then immediately, before il 
grows too stiff, lay the glass, with its convex 
side -downward, in the middle of the piate, and 
press it until it lies quite close to the plaster; in 
which situation let it remain until the plaster be- 
<:6mes quite dry. After which, work a groove with 
your finger, round the outside of the glass, in 
order to let the superfluous mercury rest upon it ; 
then cut the tinf'uil to a proper size, and press it 
with the glass into the plaster-niouhl, ni order 
to make it lie close ; after which, cover it "with the 
mercury, and, without a paper (as directed for siU 
vering plain mirrors), slide it over the silvered foilj 
then place a weight on it, and let it stand two or 
three days, rising it by degrees, that the mercury 
may drip offgradually. 

After this method common window-glass, &;€^ 
may be silvered- 



3'o laif Paper Prints on the Inside of Glass Globes. 

Pirst, cut off all the white part of your impres- 
sion, so that .nothing appeal' but the print; then 
])repare some strong gum arable water, or size, 
with which you must bru3b over the face side; 
after which put it into the globe, and with a long 
Ismail stick, on which a camel's-bair pencil is fixed, 
stick it even on ; and by this method you may put 
what number of prints you please Into the globe. 
Let them dry about twelve hours; then pour some 
prepared plaster of Paris, either white or tinged, 
whatsoever colour you please, and turn the globe 
%a^ly about, so that every part be covered; poiO' 
.out the superfluous plaster, and it is finished. 
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TINNING. 

• 

Tinning is tlie art of covering any metal with a 
thin coating of tin. Copper and iron are the me- 
tals most commonly tinned. The use of tinning 
thes^ mettils is to prevent them froni being cor- 
roded by rust, as tin is not so easily act6d upon by 
the air or water as iron and copper are. 

What are commonly called tin-plates, or sheets^ 
so much used for utensils of various kinds, are in 
fact iron-plates coated with tin. 

The principal circumstance in the art of tinning, 
is to have the surfac^es of the metal to be tinn^ 
perfectly clean and free from rust, and also that 
the melted tin be perfectly metallic, and not co- 
vered with any ashes or calx of tin. 

Tinning of Iron. 

When iron-plates are to be tinned, they are first 
scoured, and tiien put into wliat is called a pickle» 
which is oil of vitriol diluted with water ; this dis- 
solves the rust or oxyd that was lefl after scouring^ 
and renders the surface perfectly clean. They are 
then again washed and scoured. They are now 
dipped into a vessel full of melted tin, the surface 
of which is covered with fat or oil, to defend it 
from the action of the air. By this means, the inm 
coming into contact with the mdted tin in a 
perfectly metallic state, it comes out completely 

<x>ated. 

When a small quantity of iron only is to be 
tinned, it is heated, and the tin rubbed on with 
a piece o£ cloth, or some tow, having first sprinkled 
the iron with some powdered resin, the use of which 
is to reduce the tin that may be oxydated. Any 



inflammable substance, as oil, for instance, will have 
in some degree, the same effect ; which is owing to 
tlieir attraction for oxygen. 

The Timiing of Copper. 
Sboets of copper may be tinned in the same man- 
ner as iron. Copper boilers, saucepans, and other 
kitchen utensils, are tinned after they are made. 
They are first scoured ; then made hot ; and the tin 
rubbed on, as before, with resin. Nothing ought to 
be nsed for this purpose but pure grain-tin; but 
lead is frequently mixed with the tin, both to adul- 
terate its quality, and make it lay on more easily j 
but it is a very pernicious practice, and ought to be 
severely reprobated. 

To -whiten Brass or Copper }iy boiling. 
Put the brass or copper into a pijikin with some 
white tartar, alum, and grain-tin, and boil them to- 
gether. The articles will soon become covered 
with a coating of tin, which, when well }toIished, 
wiil look like silver. It is in this manner that pios, 
end many sorts of buttons, are whitened. 

BRONZING. 

Bronzing is colouring plaster, or other busts and 
iigures, with metallic powders, in order to make 
them appear as if made of copper or otlier metals. 
The powders used for this purpose are eitlter fine 
copper-filings, aurum musivum, or copper precipi- 
tated from its solution in aqua fortis by iron. Having 
done over the substance to be bronzed with a dark 
greeo colour, the projecting parts are touched wit}i 
.either isinglass size, japanners* gold size, or, iu some 
caiies, with dryiog-oil, or oU-paint ; tlie powders otp 
10 
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then rubbed on, taking care that the projecting 
parts receive raoore of the powder than the cavities, 
to imitate the brightness on those parts of bronze 
which are liable to be rubbed. 

SOLDERING. 

Soldering is the art of joining two pieces of me- 
tal together^ by heating them with a thin piece or 
plate of metal interposed between them. Thus tin 
IS a solder for lead; brass, gold, or silver, are sol- 
ders for iron, &c. 

To make Silver Solder. 

Melt fine silver two parts, brass one part ; do 
not keep them long in fusion, lest the brass fly off 
in fumes. 

Another for coarser Silver. 

Melt four parts of fine silver, and three of brass; 
throw in a little borax, and pour it out as soon as it 
is melted. 

A Solder for Gold. 

Melt copper one part, fine silver one part, and 
gold two parts ; add a little borax when it is just 
melted^ then pour it out immediately. 

The Method of soldering Gold or Siher. 

After the solder is cast into an ingot, it would 
be more ready for use if your were to draw it into 
small wire, or flat it between two rollers; after that 
cut it into little bits ; then join your work together 
%ith fine soft iron-wire; &nd with a camel's-hair 
pencil, dipt in borax finely powdered and well mois- 
tened with water, touch the joint intended to. be 
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soldered; pladog a little solder upcHi the joiatt 
apply it upon a lai;ge piece of charcoal, and, vith a 
Uow-pipe and lamp, blow upon it the flame unUl it 
melts the solder. 

To cleanse Silver or Gold ajter it is sobered. 

Make the silver red hot, and let it cool ; then 
boH it in alum-water, in an earthen vessel, and it 
will be as clean as when new. If gold, boil it in 
urine and sal ammoniac. 

A Solder for Itcad. 

Put two parts lead to one part tin : its goodnciis 
IS tried by melting it, and pouring the size of a 
crown-piece upon the table ; if it be good, there 
will arise little bright stars in iL Apply resin when 
you use this solder. 

A Solder Jor Tiu. 
Take four parts of pewter, one of tin, ami one 
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In order to procure a copy or cast from any 
figure, bust, medal, &c. it is necessary to obtain a 
mould by pressing upon the thing to be moulded 
or copied, some substance which, when sofl, is 
capable of being forced into all the cavities- or hol-^ 
lows of the sculpture. When this mould is dry apd 
hard, some substance is poured into it, which will 
fill all the cavities of the mould, and represent the 
fi>rm of the original from which the moiild was 
taken. 

Tlie particular manner of moulding depends 
upon the form of the subject to be worked upon. . 
When there are no projecting parts but such as 
form a right or a. greater angle with the principal 
surface of the body, nothing more is required than 
to cover it over with the substance of which the. 
mould is to be»formed, taking care to press it well, 
into all the cavities of the original, and to take it. 
off clean, and without bending. 

The substances used for moulding are various, 
according to the nature and situation of the sculp- 
ture. If it may be laid horizontally, and will bear to 
be oiled without injury, plaster of Paris maybe advan- 
tageously employed ; which may be poured over it 
to a convenient thickness, after oiling it, to prevent 
the piaster from sticking. A composition of* bees« 
wax, resin, and pitch, may also be used; which will 
be a very desirable mould, if many casts are to be 
taken fiom it. But if the situation of the sculpture 
be perpendicular, so that nothing can be poured 
upon it, then clay, or some similar substance, must 
be used. The best kind of clay for this purpose b 
that used by the sculptors for making their models 
with ; it must be worked to a due consistence, and. 
having spread it out to a size suflScient to cover all 
the surface, it must be sprinkled over with whiting. 
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ID pravcot it from adhering to tlic original. Bees- 
wax and dough, or the crumb of new bread, may 
also be used for moulding some small subjects. 

When there are under cuttings in the has relief, 
they must be first filled up belbre it can be mould- 
ed, otherwise the mould could not be got off When 
the casts are taken ailerwards, these places must 
be worked out witli a proper tool. 

M'hen the model, or original subject, is o("a round 
form, or projects so much that it cannot be moulded 
in this manner, the mould must be divided into 
several parts; and it is frequently necessary to cast 
several parts separately, and aflerwards to join them 
together. In this case, the plaster must be tem- 
pered with water to such a consistence, that it may 
be worked like soft paste, and must be laid on with 
some convenient instrument, compressing it so aa 
to make it adapt itself to all parts of the surface. 
When the model is so covered to a convenient thick- 
ness, the whole must be lefl at rest till the plaster is 
set anii firm, so as to bear dividinij; witliout falling 
to pieces, or being Uable to be put out of its form 
by any slight violence ; and it must then be divided 
into pieces, in order to its being taken off from the 
model, by cutting it with a knife with a very thin 
blade ; and being divided, must be cautiously takea 
off, and kept till dry: but it must be observed, be- 
fore the separation of the parts be made, to notch 
them across the joints, or lines of division, at pio- 
per distances, that they may witli ease and certainty 
be properly put together again. The art of pro- 
perly dividing the moulds, in order to make than 
separate from the model, requires more dexterity 
and skill than any other thing in tlie art of caating, 
and does not admit of rules &r the most advanta- 
geous conduct of it in every case. Where the sub* 
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JBCt is of a round or spheroidal form, it is best to 
divide the mould into three parts, which will then 
easily come off from the model; and the same will 
hold good of a cylinder, or any regular curve 
figure.. 

The mould being thus formed and dry, and the 
parts put together, it must be first oiled, and placed 
in such a position that the hollow may lie upwards, 
and then filled witli plaster mixed with water; and 
when the cast is perfectly set and dry, it must be 
taken out of the mouldy and repaired when neces- 
sary, which finishes the operation. 

In larger masses, where there would otherwise 
be a great thickness of the plaster, a core may be 
put within the mould, in order to produce a hollow 
in the cast, which both saves the expense of the 
plaster, and renders the cast lighter. 

In the same manner, figures, busts, &c. m^j 
be cast of lead, or any other metal in the moulds 
of plaster or clay ; taking care, however, that the 
moulds be perfectly dry ; for should there be any 
moisture, the sudden heat of the metal would 
convert it into vapour, which would produce an 
explosion by its expansion, and blow the mehed 
metal about. 



To take a Cast in Metal Jrom any small Animak 

Insect^ or Vegetable. 

Prepare a box of four boards, sufiiciently large 
to liold the animal, in which it must be suspended 
by a string ; and the legs, wings, &c. of the animal, 
>or the tendrils, leaves, &c. of the vegetable, must 
be separated, and adjusted in their right position 
by a pair of small pincers. A due quantity of* 
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plaster of Paris, mixed with talc, must be tempered 
to the proper consistence with water, and the 
Mdc3 of the box oiled. Also a straight piece ot 
stick must be put to the principal part of the 
body, and pieces of wire to the extremities of tlie 
other parts, in order that they may fbiin, when 
drawn out after the matter of the mould is set 
and firm, proper channels for pouring in the metal, 
and vents for tlic air ; which otherwise, by the 
rarefaction it would undergo Jrom the heat of the 
metals, would blow it out, or burst the mould. 
In a short time the plaster will set, and become 
hard; when the stick and wires may be drawn 
out, and the frame or coffin in which the mould 
was cast taken away ; and the mould must then be 
put, first, into a modeiate heat, and, afterwards, 
when it is as dry as can be rendered by that de- 
gree, removed into a greater, which may be gra- 
dually increased, till the whole be red hot. The 
animal or vegetable inclosed in the mould will 
then be burnt to a coal ; and may he totally cal- 
cined to ashes, by blowing for some time into the 
charcoal and passages made for pouring in the 
metal, and giving vent to the air, which will at 
the same time that it destroys the remainder of 
the animal or vegetable matter, blow out the ashes. 
The mould must then be sufiered to cool gently, 
and will he perfect; the destruction of the sub- 
stance included in it having produced a cone- 
sponding hollow ; but it may nevertheless be pro- 
per to shake the mould, and turn it upside down, 
as also to blow with the bellows into each of the 
air-vents, in order to free it wholly from any 
remainder of the ashes ; or, where there may be 
an opportimity of filling the hollow with quick- 
silver, it will be found a very effectual method of 
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clearing the cavityi as all dust, ashes, or small 
detached bodies, will necessarily rise to the surface 
of the quicksilver, and be poured out /with iu 
The mould being thus prepared, it must be heated 
very hot when used, if the cast is to be made 
with copper or brass, but a less degree will serve 
for lead or tin. The metal, being poured into the 
mould, must be gently struck, and then Suffered 
to rest till it be cold ; at which time it must be 
carejpully taken from the cast, but without force } 
for such parts of the matter as appear to adhere 
more strongly must be softened, by soaking in 
water till they be entirely loosened, that none of 
the more delicate parts of the cast may be broken 
off or bent. 

When talc cannot be obtained, plaster alone 
may be used ; but it is apt to be calcined by the 
heat used in burning the animal or vegetable from 
whence the cast is taken, and to become of too 
incoherent and friable a texture. Stourbridge, 
or any other good clay, washed perfectly fine, and 
mixed with an equal part of fine sand, may be 
employed. Pounded pumice-stone, and plaster of 
Paris, in equal quantities, mixed with washed clay 
in the same proportion, is said to make excellent 
moulds. 



Method of taking a Cast in Plaster Jrom a 

Person*s Face. 

The person whose likeness is required in plaster 
must lie on his ba?k, and the hair must be tied 
up so that none of it covers the face. Into 
each nostril convey a conical piece of stiff paper 
open at both ends, td allow of breathing. The 

VOL. II. u 
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face is then lightiy oiled over in every part vith 
salad-Mli to prevent the plsster fnxn sliding to 
the skin. Procure lome fresh burnt plaster, and 
mix it with irater to a pn^r consistence for 
pouring. Then pour it by spoonfuls quickly all 
over the face (taking care the eyes are shut), tilt 
it is entirely covered to the thickness of a quarter 
of an inch. This substance will grow sensibly 
hot, and in a few minutes will be hard. This 
being taken off will form a mould, in which a 
head of clay may be moulded, and therein the 
eye* may be opened, and such other additions 
and corrections may be made as are necessary. 
Then, this second ftce being anointed with oil, 
a second mould of plaster must be made upon it, 
consisting of two parts joined lengthwise along 
the ridge of the nose ; and in this a cast in plas- 
ter may be taken, which will be exactly like the 
original. 



To lake CoiUjrom Medab, 
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.1 .... 

Stand about half an hoiir^ and' it will in that time 
grow so hard, that you may safely take it off; then 
pare it smooth on the back and round the ed^ 
neatly. It should be dried, if in cold or damp 
weather, before a brisk fire. If you cover the 
face of the mould with fine plaster, a coarser sort 
will do for the back : but no more plaster should 
be mixed up at one time than can be used, as it 
will soon get hard, and cannot be softened without 
burning over again. 

Sulphur must not be poured upon silver medals, 
as this will tarnish .them. 

To prepare this mould for casting sulphur or 
plaster of Paris in, take half a pint of bdlcd tin- 
seed oil, and oil of turpentine one ounce, and miit 
them together in a bottle; when wanted, pour 
the mixture into a plate or saucer, and dip the 
surface of the mould into it ; take the mould out 
again, and when it has sucked in the oil, dip it 
again. Repeat this till the oil begins to stagnate 
upon it ; then take a little cotton wool, hard rolled 
up, to prevent the oil from sticking to it, and 
wipe it carefully off. Lay it in a dry place for a 
day or two (if longer the better,) and the mould 
will acquire a very hard surface from the effect of 
tlie oil. 

* * • 

To cast plaster of Paris in this mould, proceed 
with it in the same manner as above directed for 
obtaining the mould itself, first oiling the mou\A 
with olive oil. If sulphur casts are required, it 
must be melted in an iron ladle. 

Another method with Isinglass. — Dissolve Isin- 
glass in water over the fire ; then, with a hair 
pencil, lay the melted isinglass over the medal: 

and when you have covered it properly, let it dry* 

u 2 



Wlien it U hard, raise the isinglass up with the 
point of a penknife, and it will fly off like horn, 
liaving a shaip impression of the medal. 

The isinglass may be made of any colour by tnix- 
ipg the colour with it; or you may breathe on the 
concave side, and lay gold leaf on it, which, by 
shining through, will make it appear like a gold 
medal. But if you wish to imitate a copper medal, 
mix a little carmine with the isinglass, and lay goltl 
leaf on as before. 

CEMENTS. 

Cements require to be of various compositions, 
according to the substances to *hich they are ap- 
plied, and whether they are to be exposed to best 
and moisture. 



Common Glue. 



m 



Common glue is formed by extracting by boil- 
ing the gelatinous part of cuttings or scraps of 
coarse leather, or the hides of beasts. It is then 
poured out in thin cakes and dried. 

Isinglass Glue. 

Isinglass glue is made by dissolving beaten bin- 
gktss in water by boiling, and, having strained it 
through a coarse linen cloth, evaporating it again, 
o such a consistence, that being cold, the glue will 
be perfectly hard and dry. 

This cement is improved by dissolving the isin- 
glass in any proof spirit by heat, or by adding to it 
when dissolved in water^ an equal quantity of spirits 
of wine. 
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It is still further ^ improved by adding to the 
isinglass, previcms to its solution in spirits, one-' 
third of its weight of gum ammoniac. Expose the 
mixture to a boiling heat, until the isinglass and 
gum are dissolved, and until a drop of the compo- 
sition become stiff instantiy as it cools. It wiU at 
any future time melt with a degree of heat littie 
exceeding that of the human body, and, in conse- 
quence of so soon becoming stiff on cooling, forms 
a very valuable cement for many purposes, particu- 
larly for the very nice and delicate one of fixing on 
the antennae, legs, &c. of insects in cabinets of na-. 
tural history. The easy melting of this cement is 
no objection to its use in cases where the articles 
themselves may afterwards- be exposed to moderate 
heat ; for it owes this property only to the presence 
of the spirit which evaporates soon after it has been 
applied. When used to join broken glass or china, 
the pieces to be joined should be previously warmed. 
Immersion in hot water will give them a sufficient 
degree of heat. Wipe off the water before applying 
the cement, which may be laid on with a pencil ; 
then press the pieces together, binding them with 
a string, or bit of soft wire, if necessary. 

This isinglass glue is &r preferable to common 
glue for nice purposes, being much stronger, and 
less liable to be softened either by heat or moisture. 



Parchment Glue. 

Take one pound of shreds of parchment, or vel- 
lum, and boil it in six quarts of water till the quan- 
tity be reduced to one quart ; strain off the fluid 
from the dregs, and then boil it again till it be of 
the coubistence of glue. t 

u 3 




Melt common glue with water to n proper con- 
sistence ; then add one eighth of boiled linseed oil, 
tlropping it into the glue gently, and stirring it all 
tlie time. 

A very strong glue is made by adding some pow- 
dered chalk to common glue. 

Another that will resiat water is made by adding 
ball" a pound of common glue to two quarts of 
skimmed milk. 



Preparalioji of Lip Glue, for cementing Paper, SitA\ 
thin Leather, (§tr. 

- Take of isinglass glue and parchment glue, each 
one ounce i of sugar-candy, and gum tragacanth, 
each two drachms ; add to them an ounce of water, 
and boil the whole togetlier, till the mixture ap- 
pears, when cold, of the proper consistence of glue. 
Then form it into small rolls, or any other ^g^re 
that may be most convenient. 

This glue may be wet with the tongue, and 
rubbed on the edges of the paper, silk, &c. that are 
to be cemented, which will, on their being laid to- 
gether, and suffered to dry, unite as Armly as any 
other part of the substance. 
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Lapland Glue. 

The bows of the Laplanders are composed of 
two pieces of wood glued together^ one of them 
of birch, which is flexiblcf, and the oflier of fir of 
the marshes, which is stiff, in order that the bow 
when bent may not break, and that when unbent 
it may not bend. When these two pieces of wood 
are bent, all the points of contact endeavour te 
disunite themselves, and to prevent this, the Lap^ 
landers employ the following cement: they take 
the skins of the largest perches*, and having dried 
them, moisten them in cold water until they are so 
soil that they may be freed from the scales, which 
they throw away. They then put four or five of 
these skins into a rein-deer's bladder, or they wrap 
them up in the soft bark of the birch-tree, in such 
a manner that water cannot touch them, and place 
them thus covered into a pot of boiling water, with 
a stone above them to keep them at the bottom. 
When they have boiled about an hour, they take 
them from the bladder or bark, and they are then 
found to be soft and viscous. In this state they 
employ them for glueing toget^ier the two pieces rf 
their bows, which they strongly compress and tie 
up till the glue is well dried. These pieces never 
afterwards separate. 

A Gluejrom Cheese. 

Take skimmed-milk cheese, free it from the rind, 
cut it into slices, and boil it in water, stirring it 

* It 19 probable that eel-skins weuld answer the same purpose. 

U 4* 
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with a spoon until it be reduced to a strong glue, 
which does not incorporate with water. Then 
throw away the hot water; pour cold water over the 
glue, and knead it afterward in warm water, sub- 
jecting it to the same process several times. Put 
the warm glue on a. grinding-stone, and kuead it 
with quick-lime until you have a good glue. When 
you wish to use this glue you must warm it ; ii' it 
be employed cold it is not so strong, but it may also 
be used in that manner. This glue is insoluble in 
water as soon as it is dry, and it bcconies so in 
forty-eight hours ailer it has been applied. It may 
be used for glueing wood, and for cementing marble 
and broken stone and earthen-ware.. Baits for 
catching fish may also be made of it. Fish are very 
fond of it, and it resists water. , _ 



Jeweilers' Cematt. 

In setting precious stones, pieces are sometimes 
broken off by accident. In such cases, they ofVen 
join the pieces so correctly, that an inexperienced 
eye cannot discover the stone to have been broken. 
They employ for this purpose a small piece of gum 
mastich applied between the fragments, which are 
previously heated sufficiently to enable them to 
melt the interposed gum. They are then pressed 
together, to force out the redundant quantity of 
gum. 

. Twrkey Cement, Jur Joining Metals, Glass, ^v. 

Dissolve five or six bits of mastich, as large as 
peas, in as much spirits of wine as will suffice to 
render it liquid ; in another vessel dissolve as much 
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isinglass (which has been previously soaked in 
water till it is swollen and soft,) in brandy or ram, 
as will make two ounces by measure of strong glue, 
and add two small bits of gum galbanum, or am- 
moniacum, which must be rubbed or ground till 
they are dissolved; then mix the whole with a 
sufficient heat ; keep it in a phial stopt, and when 
it is to be used set it in hot water. 

* 

A Cement for broken China, Glasses, S^. 

Take quick-lime and white of eggs, or old thick 
varnish ; grind and temper them well together. 

Drying oil and white lead are also frequently 
used for cementing china and earthen-ware ; but 
this cement requires a long time to dry. Where it 
is not necessary the vessels should endure heat or 
moisture, isinglass glue, with a little tripoli, or 
chalk, is better. The juice of garlic also forms a 
strong cement, and the joining can scarcely be 
perceived. 

A Cement for Cficmical Glasses Hiat will bear the Fire. 

Mix equal quantities of wheat flour, fine pow- 
dered Venice glass, pulverized chalk, with half the 
quantity of fine brick dust, and a little scraped lint 
in the whites of eggs : this mixture is to be spread 
upon a linen cloth, and' applied to the crack of the 
glasses, and should be well dried before they are 
put into the fire. 

A Cement mqfid for Turners. 

Take resin, one pound; pitch, four ounces: 
melt these together, and, while boiling hot, add 
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brick>dust, until, by dropping a little upon a stoii^ 
you perceive it bard enough ; then pour it iaU^ 
water, and immediately make it up in rolls, and it^ 
is &t for use. 

Another, Jiner. — Take resin, one ouucej pitch, 
two ouncesj add red oclire, finely powdered, unti^ 
you perceive it strong enough. Sometimes a small 
quantity of tallow is used, according to the heat of 
the weather, more being necessary in winter thatt 
in summer. 

Either of these cements is of excellent use for 
turners. By applying it to the side of a chuck, 
and making it warm before the fire, you may fasten 
any thin piece of wood, which will hold while you 
turn it; when you want it oflT again, strike it oft 
the top with your tool, and it will drop oti' immfe 
dialely. 



A strong Cement for Electrical Purposes. 

Melt one pound of resin in a pot or pan, over a 
slow fire ; add to it as much plaster of Paris, in 
fine powder, as will make it hard enough, then add 
a spoonful of linseed>oil, stirring it all the while, 
and try if it be hard and tough enough for your 
purpose } if it is not sufficiently hard, add more 
plaster of Paris ; and if not tough enough, a littJe 
more linseed-oil. 

THiis is a very good cement for fixing the necbs 
of globes or cylinders of electrical machines, 
or any thing else that requires to be strongly 
fixed. 

Another, sqfler. — Take resin, one pound ; bees- 
wax, one ounce j add to it as much red-ochre as 
will make it of sufficient stiffness ; pour it into 

io 
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water, and make it into rolls. This cement is 
useful for cementing hoops on glasses^ or any other 
mounting of electrical apparatus. 



A Cement far Glas&Xjrinders. 

Take pitch, and boil it ; add to it sifled-wood 
ashes, and keep stirring it all the while, until you 
have it of a proper temper: the ad<Ution of a 
little tallow may be added^ as you find necessary. 

AnotheTrJbr small work. — To four ounces of 
resin add one-fourth of an ounce of bees-wax, and 
four ounces of whiting, made previously red hot 
and melt them together. The whiting should be 
put in while hot, that it may not have time to im» 
bibe moisture from the atmosphere. 

Shell-lac is a very strong cement for holding 
metals, glass, or precious stones, while cuttings 
turning, or grinding them. The metal, &c« should 
be warmed, to melt it. For fastening ruby cylin* 
ders in watches, and similar delicate purposes^ AxXU 
lac is excellent. 



To solder or cement broken Glass. 

Broken glass may be soldered or cemented in 
such a manner as to be as strong as ever, by inter- 
posing between the parts, glass ground up hke a 
pigment, but of easier fusion than the pieces to be 
joined, and then exposing them to such a heat as 
will fuse the cementing ingredient, and make the 
pieces agglutinate without being themselves fused. 

A glass for the purpose of cementing broken 
pieces of flint glass, may be made by fusing some of 
the same kind of glass previously reduced to 
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powder, along with a little red-lead and boiax, ur ' 
witli tlie borax only. 

Cement for Derbyshire Spar and ot/ier Stones. 

A cement for this purpose may be made witli 
about seven or eight parts of resin and one of bees- 
wax, melted together with a small quantity of 
plaster oC Paris. If it is wished to make the ce- 
ment fill up the place of any small chips that may 
have been lost, the tiuaiitity of plaster must be in- 
creased a little. When the ingredients are well, 
mixed, and the whole is nearly cold, the mass 
should be well kneaded together. The piecea 
of spar that arc to be joined must be heated 
until they will melt the cement, and then pressed 
together, some of the cement being previously 
interposed. 

Melted sulphur applied to fragments of stones 
previously heated by placing them bctbre a fire, 
to at least the melting point of sulpliur, and thcu 
joined with the sulphur between, makes a pretty: 
firm and durable joining. 

Little deficiencies in the stone, as chips out of 
comers, &c. may also be filled up with melted 
sulphur, in which some of the powder of the stone 
has been melted. 



A Cement that will stand against boiling Water, and 
even bear a considerable Pressure of Steam. 

In joining the fianches of iron cylinders, and 
other parts of hydraulic and steam engines, great 
inconvenience is often experienced from the want 
oi' a durable cement. 
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Boiled linseed-oily litharge, red and white lead, 
mixed together to a proper consistence, and ap« 
plied on each side of a piece of flannel previously 
shaped to fit the joint, and then interposed be- 
tween the pieces before they are brought home 
(as the workmen term it) ft) their place by the 
screws or other fastenings employed, make a close 
and durable joint. 

The quantities of the ingredients may be varied 
without inconvenience, only taking care not to 
make the mass too thin with oil. It is difficult in 
many cases instantly to make a good fitting of large 
pieces of iron work, which renders it necessary 
sometimes to join and separate the pieces repeated- 
ly, before a proper adjustment is obtained. When 
this is expected, the white-lead ought to predomi- 
nate in the mixture, as it dries much slower than 
the red. A workman, knowing this fact, can be at 
little loss in exercising his own discretion in re- 
gulating the quantities. It is safest to err on the 
side of the white-lead, as the durability of the 
cement is no way injured thereby, only alpnger 
time is required for it to dry and harden. 

When the fittings will not admit easily of so 
thick a substance as flannel being interposed, 
linen may be substituted, or even paper or thin 
pasteboard. 

This cement answers well also for joining broken 
stones, however large. Cisterns built of square 
stones, put together with this cement, will never 
leak or want any repairs. In this case the stones 
need not be entirely bedded in it : an inch, or 
even less, of the edges that are to lie next the 
water, need only be* so treated ; the rest of the 
joint may be filled with good lime. 



Anotlter Cement that wiil stand the Action of Boilings 
Water and Steam. 

Tltis cement, which is preferable even to the ' 
former for steam-engines, is prej)ared as follows. 

Take two ounces of sal ammoniac, one ounce 
of flowers of sulphur, antl sixteen ounces of cast 
iron filings or borings. Mix all well together by 
rubbing them in a mortar, and keep the powder 
dr^. , 

Wlien the cement is wanted for use, take on© 
part of the above powder and twenty parts of 
dean iron borings or fdings, and blend them intiri 
mately by grinding Uiera in a mortar. Wet thft 
compound with water, and when brought to a con- 
venient consistence, apply it to the joints with a 
wooden or bluut iron spatula. 

By a play of affinities, which those who are at 
all acquainted with chemistry will be at uo loss 
to comprehend, a degree of action and re-action 
takes place among the ingredients, and between 
them and the iron surfaces, which at last causes 
the whole to unite as one mass. In i'act, atlcr a 
time> the mixture and the surfaces of the flanches 
become a species of pyrites, holding a very large 
proportionof iron, all the parts of which cohere 
strongly together. 

Blood Cement. 

A cement often used by copper-smiths to lay 
over the rivets and edges of the sheets of copper 
in large boilers, to serve as an additional security 
to the joinings,  and to secure cocks, &c. from 
leaking, is made by mixing pounded quick-lime 
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with ox's bloocL It must be applied fresh made^ 
as it soon gets hard. 

We believe if the properties of this cement were 
duly investigated, it would be found useful for many 
purposes to which it has never yet been applied. 
It is extremely cheap, and very durable. 

Flour Paste. 

Flour paste for cementing is formed principally 
of wheaten flour boiled in water till it be of a glu- 
tinous or viscid consistence. 

It may be prepared of these ingredients simply 
for common purposes, but when it is used by book- 
binders, or for paper hangings, it is usual to mix 
with the flour a fiflh or sixth of its weight of 
powdered alum ; and where it is wanted still more 
tenacious, gum arable, or any kind of ^ize, may be 
added. 

Japanese Cement^ or Bice Glue. 

m 

This elegant cement is made by mixing rice 
flour intimately with cold water, and then gently 
boiling it It is beautifully white, and dries 
almost transparent. Papers pasted together by 
means of this cement will sooner separate in their 
own substance than at the joining, which makes 
it extremely useful in the preparation of curious 
paper articles, as tea trays, ladies' dressing boxes, 
and other articles which require layers of paper 
to be cemented together. It is in every respect 
preferable to common paste made with wheat 
flour, for almost every purpose to which that 
article is usually applied. It answers well in par- 
ticular, for pasting into books the copies of writings 
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taken off by copying machines on unsized silver 
paper. 

With this composition, made with a small quan- 
tity of water, that it may have a consistence simi- 
lar to plastic clay, raoilels, busts, statues, basso 
relievos, and the like, may be formed. When dry, 
the articles made of it are susceptible of a high 
polish; they are also very dumble. 

The Japanese mal^e quadrille fish of this sub-: , 
stance, which so nearly resemble those made <^ 
mother of pearl, that tlie officers of our East Jndla^, 
men are often imposed upon. 

Of Sizes. * 

Common size is manufactured in tlie same man*- 
ner, and generally by the same people, as glue. 
It is indeed glue left in a moister state, by discon- 
tinuing the evaporation before it is brought ta 
a dry consistence, and, therefore, iurther par- 
ticulars respecting the manufacture of it are 
needless here. 

Isinglass size may also be prepared in the man- 
ner above directed for the glue, by increasing the 
proportion of the water for dissolving it. And the 
same holds good of parchment size. 

I.UTES. 

In many chemical operations the vessels must 
' be covered with something to preserve them from 
the violence of the fire, from being broken or 
melted, and also to close exactly their joinings 
to each other, in order to retain the substance» 
which they contain, when they are volatile and 
reduced to vapour. 
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The coating used for retorts, &c. to defend 
them from the action of the fire, is usually com- 
posed of nearly equal parts of coarse sand and re- 
fractory clay. These matters ought to be well 
mixed with water and a little hair, so as to form 
a liquid paste, with which the vessels are covered 
layer upon layer, till it is of the required thick- 
ness. The sand, mixed with the clay, is necessary 
to prevent the cracks which are occasioned by the 
contracting of the . clay during its drying, which 
it always does when pure. The hair serves also 
to bind the parts of the lute, and to keep it ap- 
plied to the vessel ; fpr, notwithstanding the sand 
which is introduced into it, some cracks are al- 
ways formed, which would occasion pieces of it to 
faU off. 

The lutes with which the joinings of vessels are 
closed are of different kinds, according to the nature 
of the operations to be made, and of the substances 
to be distilled in these vessels. 

When vapours of watery liquors, and such as am 
not corrosive, are to be contained, it is sufficient to 
surround the joining of the receiver to the nose of 
the alembic, or of the retort, with slips of paper, or 
linen, covered with flour paste. In such cases, 
also, slips of wet bladder are very conveniently 
used. 

When more penetrating and dissolving vapours 
are to be contained, a lute is to be emplojred of 
quick-lime slacked in air, and beaten into a liquid 
paste with whites of eggs. This paste is to be 
spread upon linen slips, which are to be applied 
exactiy to the joining of the vessels. This lute is 
very convenient, easily dries,' becomes solid, and 
sufficientlv firm. 

VOL. H. X 
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Lastly, when saline acids, and corrosive vapours 
are to be contained, we must then have recourse to 
the lute called fat lute. This lute is made by form- 
ing into a paste some dried clay, finely powdered, 
ailed througli a silken search, and moistened with 
water; and then, by beating this paste well iu a 
mortar, with boiled linseed oil, that is, oil which 
has been rendered dry by litharge dissolved in it, 
this lute easily takc-s and retains the form given to 
it. It is generally rolled into cylinders of a conve- 
nient size. These are to be applied, by flattening 
them to the joinings of the vessels, which ought to 
be perfectly dry ; because the least moisture would 
prevent the lute from adhering. When the joinings 
are closed with this fat lute, the whole is to be 
covered with slips of linen, spread with lute of 
lime and whites of eggs. These slips are to be 
fastened with packthread. The second lute is ne- 
cessary to keep on the fat lute, because the hitter 
remains sofl, and docs not become solid enough to 
stick on alone. 



INK.MAKING. 

Inks are fluid compounds, intended to Jbrm 
cbaractei's, or some other kinds of figures, on proper 
grounds of paper, parchment, or such other sub- 
stance as may be fit to receive them. 

There are two principal kinds of ink, writing 
and printing ink. 

Writing Ink. 

When to an infusion of galhnuts some sohitiwi 
of sulphate oi'iron (green copperas) is added, a very 
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dark blue precipitate takes place. This precipitate 
is the gallic acid of the galls united to the iron of 
the green vitriol, forming gaUat of hron^ which is 
the basis of writing ink. If galls and sulphate of 
iron only were used, the precipitate would fall 
down, leaving the water colourless ; and, in order 
to keep it suspended in the water, forming a per- 
manently black, or rather very dark blue fluid, gum 
arable is added, which, by its viscid nature, pre* 
vents the precipitate from falling down. 

Various receipts have been given for the compo- 
sition of writing ink, but very few have been 
founded upon a knowledge of its real nature. 
.Though so important an article, it is but lately that 
it has been studied with any attention ; and even 
still, the principles and theory of its formation do 
not appear to be so thoroughly understood as might 
be wished. The receipt given by M. Ribancourt 
is as follows : Take eight ounces of Aleppo galls, 
in coarse powder j four ounces of logwood, in thin 
chips ; four ounces of sulphate of iron (green cop- 
peras) ; three ounces of gum arabic, in powder ; 
one ounce of sulphate of copper (blue vitriol) ; and 
one ounce of sugar-candy. Boil the galls and log- 
wood together in twelve pounds of water for one 
hour, or till half the liquid has been evaporated. 
Strain the decoction through a h^ir sieve, or linen 
cloth, and then add the other ingredients. Stir the 
mixture till the whole is dissolved, more especially 
the gum; afler which, leave it to subside for 
twenty-four hours. Then decant the ink, and pre- 
serve it in bottles of glass or stone-ware, well corked. 

Red writing ink is made in the following manner : 
Take of the raspings of Brazil wood a quarter of a 
pound, and infuse them two or three days in vine- 
gar. Boil the infusion for an hour over a gentle 
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fire, and afterwards filter it while hot Put it again 
over the fire, and dissolve in it, first, half an ounce 
of gum arabic, and ailerwards of ahini and white 
sugar, each half an ounce. 

Printing Ink. 

Printers* ink is a hlack paint composed of lamp- 
black and linseed or suet oil boiled, so as to acquire 
considerable consistence and tenacity. The art of 
preparingit is kept a secret; but the obtaining good 
lamp-black appears to be the chief difiiculty in 
making it. 

The ink used by copper-jilalc printers, differs 
from the last only in the oil not being so much 
boiled, and the black which is used being Frank- 
fort black. «|M 

Sympatfietic Inks. ^^ 

Sympathetic inks are such as do not appear 
immediately after they are written willi, but which 
may be made to appear at pleasure, by certain 
means. A variety of substances have been used 
for this purpose. We shall describe the best 
of them. 

1. Dissolve some sugar of lead in water, and 
write with the solution. When dry, no writing 
will be visible. When you want to make it appear, 
wet the paper with a solution of alcaline sutphuret 
(liver of sulphur), and the letters will immediately 
Jlppear of a brown colour. Even exposing the 
•Writing to the vapoura of these solutions will render 
it apparent. 

2. Write with a solution of gold in aqua regia, 
and let the paper dry gently in the shade. Nothing 
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MriU be seen ; but draw a sponge over it, wetted 
with a solution of tin in aqua regia ; the writing 
will immediirtely appear of a purple colour. 

3. Write with an infusion of galls, and when 
you Wish the writing to appear, dip it into a 
solution of gr^en vitriol ; the letters will^ be blaok. 
- 4. Writewith diluted sulphuric acid, and nothing^ 
will be visible. ' To render it so, hold it to the fire» 
and the letters. Mrill instantly appear black. 

5. Juice of lemons, or onions, a solution of sal 
aimnoniac, green vitriol, &c. will answer the same 
purpose, though not so easily, or with so little 
heat. 

6. Green sympathetic ink. Dissolve cobalt in 
nitro muriatic acid, and write with the solution. 
The letters will be invisible, till held to the fire» 
when they will appear green, and will disappear 
completely again when removed into the cold. In 
this manner they may be made to appear and dis- 
appear at pleasure. 

A very pleasant experiment of this kind is to 
make a drawing representing a winter sceofit in 
which the trees appear void of leaves, -and to put 
the leaves on with this sympathetic ink; then, 
upon holding the drawing near to the fire, the 
leaves will begin to appear in all the verdure of 
spring, and will very much surprise those who are 
not in the secret. 

7* Blue sympathetic ink. Dissolve cobalt in 
nitric acid ; precipitate the cobalt by potash ; 
dissolve this precipitated oxyd of cobalt in acetic 
acid, and add to the solution one-eighth of com- 
mon salt. 

This will form a sympathetic ink, that, when 

cold, will be invisible, but will appear blue by heat 
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lUiMOVING STAINS. 

7'o ranove Ink Stains. 
The stains of ink on clotli, paper, or wood, may 
be removed by almost all acids; but those acids 
are to be preferred which are least likely to injure 
the texture of the stained substance. The muriatic 
acid, diluted with five or six times its weight of 
water, may be applied to the spot, and, alier a 
minute or two, may be washed off, repeatiag the 
application as oflen as may be foimd nucessary. 
But the vegetable acids are attended with less risk, 
and are equally efiectual. A solution of the oxalic, 
citric (acid of lemoua), or tartareous acids, in water, 
may be applied to the most delicate fabrics without 
any danger of injuring them; and the same solu- 
tions will discharge writing, but not printing ink. 
Hence they may be employed in cleaning books 
which have been defaced l>y writing on the margin, 
without impairing the text. Lemon-juice, and the 
juice of sorrels, will also remove ink stains, but notso 
easily as the concrete acid of lemons, or citric acid. 

To remove Iron Stains. 

These may be occasioned either 'by ink stains, 
which, on the application of the soap, are changed 
into iron stains, or by the direct contact of rusted 
iron. They may be removed by diluted muriatic 
acid, or by one of the vegetable acids, already men- 
tioned. When suffered to remain long on cloth, 
they become extremely difficult to take out, because 
the iron, by repeated moistening with water, and 
exposure to the air, acquires such an addition of 
oxygen, lis renders it insoluble in acidrj. It has 
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been found, however, that even these spots may be 
discharged, by applying first a solution of an alca^ 
line sulphuret, which must be well washed from 
the cloth, and afterwards a liquid acid. The sul- 
phuret, in this case, extracts part of the oxygen 
from the iron, and renders it soluble in diluted 
acids. 

To remove the Stains of Fruit and Wine. 

These are best removed by a watery solution of 
the oxygenated muriatic acid, or by that of oxygen- 
ated muriate of potash or lime, to which a little 
sulphuric acid has been added. The stained spots 
may be steeped in one of these solutions till it is 
discharged ; but the solution can only be applied 
with safety to white goods, because the uncombined 
oxygenated acid discharges all printed and dyed 
colours. A convenient mode of applying the oxy- 
genated acid, easily practicable by persons who 
have not the apparatus for saturating water with 
the gas, is as follows : Put about a table-spoonfiil of 
muriatic acid (spirit of salt) into a tea-cup, and add 
to it about a tea-spoonful of powdered manganese ; 
then set this cup in a larger one filled with hot 
water ; moisten the stained spot with water, and 
expose it to the fumes that arise from the tea-cup. 
If the exposure be continued a sufficient length of 
time, the stain will disappear. 

To remove Spots qf Grease from Cloth. 

Spots of grease may be removed by a diluted 
solution of potash ; but this must be cautiously 
applied, to prevent injury to the cloth. Stains 
of white wax, which sometimes fall upon the 
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clothes from wax candles, are removable by spirits 
of turpentine, or sulpliuric ether. The marks of 
white paint may also be discharged by the last- 
mentioned agents. 



To take Spots (if Grease out oj' Books, Prinln, vr 
Paper, 

After having gently warmed the paper that is 
stained with grease, wax, oil, or any other fat 
body, take nut as much as possible of it by means 
of blotting paper ; then dip a small brush in the 
essential oil of turpentine, heated almost to ebul- 
lition (for when cold it acts only very weakly), 
and draw it gently over both sides of the paper, 
which must be carefully kept warm. This oper- 
ation must be repeated as many times as the 
quantity of the fiit body imbibed by the paper, or 
the thickness of the paper, may render necessary. 
When the greasy substance is entirely removed, 
recourse may be had to the following method to 
restore the paper to its former whiteness, which is 
not completely restored by the first process. Dip 
another bmsh in highly rectified spirit of wine, 
and draw it in like manner over the place which 
was stained, and particularly round the edges, to 
remove the border that would still present a stain. 
By employing these means with proper caution, 
the spot will totally disappear, the paper will re- 
sume its original whiteness, and if the process has 
been employed on a part written on with common 
ink, or printed with printer's ink, it will experience 
no alteration. 
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OF STAINING WOOD. 

To stain Wood Yellow. 

Take any white wood, and brush it over several 
times with the tincture of turmeric root, made by 
putting an ounce of turmeric, ground to powder, 
to a pint of spirit, and after they have stood for 
some days, straining off the tincture. If the yel- 
low colour be desired to have a reddish cast, a 
little dragon's blood must be added. 

A cheaper, but less strong and bright yellow, 
is, by the tincture of French berries made boiling 
hot. 

Wood may also be stained yellow by means of 
aqua fortis, which will sometimes produce a very 
beautiful yellow colour, but at other times a 
browner. Care must be taken, however, that the 
aqua ibrtis' be not too strong, otherwise a blackish 
colour will be the result. 

To stain Wood Red. 

For a bright red stain for wood, make a strong 
infusion of Brazil wood in stale urine, or water 
impregnated with pearl-ashes, in the proportion of 
an ounce to a gallon ; to a gallon of either of 
which, the proportion of Brazil wood must be a 
pound, which being put to them, they must stand 
together for two or three days, often stirring the 
mixture. With this infusion strsdned, and made 
boiling hot, brush over the wood to be stained 
till it appear strongly coloured ; then, while yet 
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wet, brush it over with alum-water made in tlie 
proportion of two ounces of alum to a quart of 
water. 

For a less bright red, dissolve an ounce of dra- 
f^oii's blood in a pint of spirits of wine, and bnish 
over the wood witli t!ic tincture till the stain appear 
to be as strong as is desired ; but this is, in fact, 
rather lacquering than staining. 

For a pinii or rose red, add to a gallon of the 
above infusion of Brazil wood two additional 
ounces of the pearl-ashes, and use it as was before 
directed : but it is necessary, in this case, to brush 
the wood over with the alum-water. By increi\.sing 
the proportion of pearl-ashes, the red may he 
rendered _yct paler ; but it is proper, when more 
than this quantity is added, to make the alum- water 
stronger. 

To slain Wood lihic. 

Wood may be stained blue by means eitlicr of 
copper or indigo. 

The method of staining blue with copper is as 
ibilows : Make a solution of copper in aqua fortis, 
and brush it while hot several times over the 
wood ; tlien make a solution of pearl-ashes in 
the proportion of two ounces to a pint of water, 
and brusli it hot over the wood stained with the 
solution of copper, till it be of a perfectly blue 
colour. 

3« slain fVood Green. 

Dissolve verdigrease in vinegar, or crystals of 
verdigrcasc in water, and with tlie hot solution 
brush over the wood till It be duly stained. 
10 
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To stain Wood Purple. 

Brush the wood to be stained several times with 
a strong decoction of logwood and Brazil, made 
in the proportion of one pound of the logwood 
and a quarter of a pound of the Brazil to a gallon 
of water, and boiled for an hour or more. Wlicn 
the wood has been brushed over till there be a 
sufficient body of colour, let it dry, and then be 
slightly passed over by a solution of one drachm 
of pearl-ashes in a quart of water. This solution 
must be carefully used, as it will gradually change 
the colour from a brown red, which it will be 
originally found to be, to a dark blue purple, and 
therefore its effect must be restrained to the due 
point for producing the colour desired. 

To stain JVood a Mahogany Colour. 

The substances used for staining mahogany 
colour arc madder, Brazil wood, and logwood; 
each of which produce reddish brown stains, and 
they must be mixed together in such proportions 
as will produce the tint required. 

To stain JVood Black. 

Brush the wood several times over with a hot 
decoction of logwood. Then having prepared an 
infusion of galls by putting a quarter of a pound of 
powdered galls to two quarts of water, and setting 
them in the sunshine, or any other gentle heat, 
for three or four days, brush the wood over three 
or four times with it, and it will be of a beautiful 
black. It may be polished with a hard brush and 
shoemakers* black wax. 
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STAINING IVORY. 

To stain Ivory Green. 

Dissolve some copper or verdigrease in iiitrou* 
acid, and soak the ivory in it. 

To stain Ivory Yellow. 

Put a quarter of a pound of alum in a pint of 
water, boil the ivory in the solution ; then Ikmi 
it in a. decoction of turmeric. 

To stain Ivory Blue. 

Boil it in tlie sulphate of indigo, and afteM 
wards in a solution of three ounces of white tiir-( 
tar in a quart of water. Or it may be first stoned 
green, and tlien dipped into a solution of pearl- 
ashes, made strong and boiling hot. 

To stain Ivory Purple. 

Put into nitrous acid one fourth of its weight 
of sal ammoniac; soak the ivory in it. 



MISCELLANEOUS. 

To make Phosphorus. 

Phosphorus was formerly prepared from urine, 
and was therefore called phosphorus of urine ; but 
it is exactly the same substance, from whatever 
materials it is procured. The following is a pro- 
cess for procuring it from bones, which consist 
chiefly of lime, combined with the phosphoric acid. 
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Take a quantity of bones ; burn them to white- 
ness in an open fire, and reduce them to a fine 
powder. Upon three pounds of this powder, after 
having been put into a matrass, pour two pounds 
of concentrated sulphuric acid of commerce ; four 
or five pounds of water, must be afterwards added by 
degrees, to assist the action of the acid. During 
the process, the operator must place himself and 
the vessel so that the fumes of the mixture may 
be blown from him. The whole is then to be left 
in a sand-bath for about twelve hours, or more, 
taking care to supply the loss of water which 
happens by evaporation. The next day, a large 
quantity of water must be added ; the clear liquor 
must be decanted, and the rest strained through a 
cloth or sieve. The residuary matter is to be 
washed by repeated afiusions of hot water till it 
passes tasteless. The water which has been used 
to wash out the adhering acid is mixed with the 
decanted or strained liquor, and the whole fluid is 
gradually evaporated in a flat earthen bason to the 
consistence of a syrup. It is then mixed with an 
equal weight of charcoal powder, and submitted to 
distillation in an iron or earthen retort. Instead 
of using a receiver, the neck of the retort njay be 
immersed in a bason of water, to a small depth, 
and the phosphorus, as it comes over, will fall in 
drops to the bottom. 

Phosphorus made in thi^ manner is blackish and 
dirty; it is purified by a second distillation. It 
may also be. prepared from urine by the following 
method. 

Dissolve as much lead in the nitric acid as it 
will act upon, and the solution will be nitrate of 
lead. Pour this into a quantity of urine, and a 
precipitate will be formed. When no more pre- 
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cipttatc tails down hy the addition of tlic solution, 
suffer the whole to stand undisturbed till it has 
all subsided, and then pour off the clear fluid. 
Make this precipitate into a paste with charcoal 
finely pounded, and dry it in an earthen pan gra- 
dually. Then put the mass into an iron ur 
earthen retort, and distil it. The pliosphorus 
will come over, and may be coUerted undf 
water. 



To make Canton's Phosphorus. 
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Take some oyster-shells ; calcine them, 
keeping them in a good fire for about an hour. 
Select out of the calcined shells the purest and 
whitest parts, and pound and sift them. To 
three parts of this lime add one of flowers of 
sulphur; mix them well together, and put them, 
well pressed, into a crucible. Place it in a good 
tire, where it must be kept red hot for an hour 
at least ; it may then be taken out to cool. When 
it is cold, break the mass to pieces, and select out 
of it the brightest part, which will shine in the 
dark. 

A beautiful representation of the telescopic 
appearance of one of the planets may be made 
by means of this. Cut out in paper the shape of 
the planet, such as a Iialf moon, Saturn and his 
ring, &c., and cover it over with strong gum water; 
then strew some of this phosphorus, finely pow- 
dered, over the surface. When you want to 
exhibit it in the dark, you must previously expose 
it for a few minutes to the light of an Argand's 
lamp ; or, what is better, make the flash from the 
discliarge of a large electrical jar, or battery, pass 
over its surface, and it immediately becomes 
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luminous, and exhibits a very exact resemblance 
of the planet. 

To make Phosphoric Oil. 

Put one part of phosphorus into six of olive-oil, 
and digest them over a sand heat The phosphorus 
will dissolve. It must be kept well corked. 

This oil has the property of being very luminous 
in the dark, and yet it has not sufficient heat to 
bum any thing. If rubbed on the face and hands, 
taking care to shut the eyes, the appearance is 
most hideously fiightful ; all the parts with which 
it has been rubbed appear to be covered with a 
very luminous lambent flame of a bluish colour, 
and the mouth and eyes appear in it as black spots. 
There is no danger attending this experiment. 
The light -of it is sufficient to show the hour of the 
night on a watch, by holding it close to the bottle 
wh en it is unstopped. 

To make Phosphorated Lime. 

Put a few grains of phosphorus into tlie bottom 
of a Florence flask, and All it up with quick-lime. 
Place it over a lamp till the phosphorus has sub- 
limed, and is thoroughly mixed with the lime. If 
any of this lime be thrown out in the dark, it ha^ 
the appearance of a shower of fire, but cannot burn 
any thing, as the quantity of phosphorus is too 
small to produce any sensible heat. 



To make a Phosphoric Fire Bottle. 

Take a very small phial, and put into it a bit 
of phosphorus as large as a pea, and fill up the 
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bottle with lime. Fix an iron vessel, as a shovel, 
i'oT instance, with common sand, and put it over 
the fire. Set the phial in this sand, having loosely 
stopped it with a cork. Stir about the ingredients 
with a wire, and mix them together j taking care 
that the phosphorus does not catch fire by too 
great an access of air. Keep the bottle in the 
sand till the phosphorus is thoroughly incorpor- 
ated with the lime, when it will be of a reddish 
yellow. 

This bottle is extremely convenient for pro- 
curing an instantaneous light in the dark. For 
this purpose, nothing more is necessary than to 
uncork the bottle, and to introduce a brimstone 
match, stirring it about a little, by which it will 
catch fire and light. 

The bottle must be always kept carefully cork- 
ed, and opened as seldom as possible. 

A more durable kind may be made by uniting 
together one part of sulphur with eight of phos- 
phorus. When this is used, a matcli is introduced 
into it, and then rubbed upon a bit of cork. 



To make Pkosphwel of Lime. 

Put half an ounce of phosphorus, cut into 
small bits, into a glass tube about a foot long, 
and half an inch in diameter, closed at one end. 
Fill up with quick-lime grossly powdered, and 
stop the mouth of the tube loosely. Heat that 
part of the tube which contains the lime over a 
chafing-dish, till it be red hot; and then apply 
the heat of a lac^ to the part containing the 
phosphorus, whi(jtr-fi'iJl sublime, and mix with the 
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lime. When cxx>led, the mixture will be a reddish 
mass. 

If phosphuret of lime be dropped into water, 
air bubbles will be disengaged, which, on biu^ting 
at the top, will inflame with small explosions. 
They consist of phoq>horated hydrogen gas. 



To make Fulminating Powder. 

Triturate in a warm mortar three parts, by 
weight, of nitre, two of mild vegetable alkali (car- 
bonate of potash), and . one of flowers of sulphur. 
A few grains of this laid upon a knife, and held 
over the candle, first fuses, and then explodes with 
a loud report. A drachm of it put into a shovel, 
and held over the fire, makes a noise as loud as a 
cannon, and indents the shovel as if it had received 
a violent blow. 



To make Fulminating Mercury. 

Dissolve 100 grains of mercury with heat, in 
a measured ounce and a half of nitric acid. This 
solution being poured cold upon two measured 
ounces of alkohol, previously introduced into any 
convenient glass vessel, a moderate heat is to be 
applied till effervescence is excited. A white 
fume then begins to undulate on the surface of the 
liquor, and the powder will be gradually precipi- 
tated on the cessation of action. The precipitate 
is to be immediately collected on a filtre» well 
washed with distilled water, and cautiously dried 
in a heat not exceeding that of a water batli. Tlie 
immediate washing of the powder is material, 
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because it is liable to the re-action of the nitric 
acid ; and while any of the acid adheres to it, it is 
very subject to the action of light. From 100 
grains of mercury, about i2U or 130 of tlie powder 
are obtained. 

This powder, struck on an anvil with a hammer, 
explodes with a stunning disagreeable report ; and 
with such force as to indent both the hammer and. 
the anvil. Three or four grains are as much as 
ought to be used for such experiments. 



To make tlte Arbor DiancF, or Tree of Diana. 

Take half an ounce of fine silver, and two 
drachms of mercury, and dissolve them separately 
in a quantity of aqua fortis. When the solutions 
are perfectly made, mix them together, and pour 
them into a pint of common water, and stir it 
about, that the whole may be well mixed. Keep 
this preparation in a bottle well corked. In a glass 
globe, or other vessel, put the quantity of a small 
nut of the amalgam of silver with mercury, and 
pour tlu'ee or four ounces of the above liquor 
over it. After some hours there wilt arise from 
the little globular amalgam small branches, which, 
by increasing, will form a beautiful kind of shrub 
or tree of silver. 



To make a Tree of Silver on Glass. 

Put a few drops of the solution of silver in aqua 
fortis on a piece of gt ass, and having formed a bit 
of copper or brass-wit e to represent a tree with its 
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branches, but flat so as to lie upon the glass, lay 
it in the liquid, and let it remain for an hour or 
two. A beautiful vegetation will be perceived all 
round the wire, which will nearly be covered by 
it. This may be preserved by washing it very 
carefully with water, and putting another glass 
over it. 

To^pTi^vce a Tree qfLead. 

Dissolve an ounce of sugar of lead in a quart of 
clear water, and put it into a glass decanter or 
globe. Then suspend in the solution, near the 
top, a small piece of zinc of an irregular shape. 
Let it stand undisturbed for a day, and it will 
begin to shoot out into leaves, and apparently to 
vegetate. If left undistturbed for a few days, it 
will become extremely beautiful ; but it must be 
moved with great caution. 

It may appear to those unacquainted with che- 
mistry, that the piece of zinc actually puts out 
leaves ; but this is a mistake, for if the zinc be ex- 
amined, it will be found nearly unaltered. TMs 
phenomenon is owing to the zinc having a greater 
attraction for oxygen than the lead has ; conse« 
quently, it takes it from the oxyde of lead, which 
re-appears in its metallic state. 

Arbor Mortis^ w Tree qfMars. 

Dissolve iron filings in aqua fortis moderately 
concentrated, till the acid is saturated ; then add 
to it gradually a solution of fixed alcali, formerly 
called oil of tartar per deliquium. A strong ef- 
fervescence will ensue, and the iron, instead of 
faUing to the bottom of the vessel, will afterwards 
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rise, so as to cover the sides, forming a multitude 
of ramifications heaped one upon the other, which 
will sometimes pass over the edge of the vessel, 
and extend themselves on the outside with all 
the appearance of a plant. 

To change Iron apparently into Copper. 

Dissolve some blue vitriol (sulphate of copper) 
in water, and dip into the solution a piece <^ 
bright iron or steel j in a few seconds it may be 
taken out, when it wUl be apparently turned to 
copper. This is a deception ; the iron is not . 
changed into copper ; it is only encrusted over 
with that metal, as may be easily seen by removing 
the copper by a file. Tlie iron having a stronger 
attraction for sulphuric acid than copper, it takes 
the acid from the latter, which is consequently 
precipitated. This process is used for obtaining- 
the copper from waters near mines that contain a 
great quantity of that metal. Iron plates are put 
into them, which become incrusted with copper, 
which is scraped oS*. 

To prepare the Precipitate qfCassrus. 

This beautiful purple colour is extremely useful 
to enamellers and glass stainers. To make it; pro- 
ceed as follows. 

Dissolve some gold in aqua regia (nitro-muriatic 
acid), and also dissolve some pure tin in diluted 
aqua regia, and pour it into the solution of gold. 
A purple powder will be precipitated, which must 
be collected and washed in distilled water. 
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A Method (if Silvering Ivory. 
Take a slip of ivory, immerse it in a weak solu- 
tion of nitrate of silver, and let it remain in it till 
the ivory has acquired a bright yellow colour } then 
take it out of the solution^ and immerse it in a 
tumbler of pure water, and expose it in the water 
to the rays of a very bright sun. After the ivory 
has been exposed to the sun's rays for about two 
or three hours, it becomes black ; but on rubbing 
it 3 little, the black surface will become changed 
into one of silver. Although this coating of silver 
is extremely thin, yet if the ivory be well impreg- 
nated with the nitrate of silver, the solution will 
penetrate to a considerable depth ; and as fast as 
the silver wears oft' from the surface of the ivory, 
the nitrate below being exposed to the light, is con- 
verted into silver, and the Ivory retains its metallic 
appearance. 

To cover Ribbons with Gold by a Chemical Process. 

Let ether stand over phosphorus for some weeks, 
and some of the phosphorus will be dissolved. 
Dissolve also some gold in aqua regia (nitro-mu- 
riatic acid). Dip the ribbon, first, into the nitro- 
muriatic solution, and then into the phosphorated 
ether, and it will be covered with a firm coating of 
gold. 

The same effect may be produced by exposing 
the ribbon, after having dipped it into the solution 
ef gold, to a current of phosphorated hydrogen gas 
for some days. 

To prepare Aurma Musivum. 
Aurum musivum is used by japanners, and for 
many varnished works, as sniiff'-boxes, coaches, &c. 
Y 3 
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When well managed, it has all the beautiful ap- 
pearance of gold in powder. 

To make it, amalgamate twelve parts of tlie 
purest tin with three parts of mercury. The amal- 
gam must then be triturated in a stone mortar with 
seven parts of flowers of sulphur, and three parts of 
sal ammoniac. The mixture is then put into a 
matrass, and the whole is exposed to a gentle sand 
heat, until no more white fumes arise. "When, 
upon this, the heat is somewhat raised, cinnabar 
sublimes, together with some oxygenated muriate 
of tin; while, at the same time, the remaining tin 
unites with the remaining sulphur, and forms the 
aarum musivum, exhibiting a golden yellow and 
flakeyor scaley matter, of a metallic lustre. 

The main point in this process is the proper re- 
gulation of the fire: when this is too stronj;:, the 
operation does not succeed ; and instead of annim 
musivum, common sulphuret of tin is obtaiDed. 

To male an Artifidal Volcano. 

For this curious experiment, which in some re- 
spects resembles the eiTect of volcanoes, we are 
indebted to Lemery. 

Mix equal parts of pounded sulphur and ir<Hi- 
filings, and having formed the whole into a paste 
with water, bury a quantity of it, forty or fifty 
pounds, for example, at about the depth of a foot 
below the surface of the earth. In ten or twelve 
hours afterwards, if the weather be warm, the 
eartli will swell up and burst, and flames will issue 
out, which will enlarge the aperture, scattering 
around a yellow and blackish dust. 

It is not impossible, that what is here seen in 
miniature, takes jilacc on a grand scale in \'olca- 
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noes ; as it is well known that they always furnish 
abundance of sulphur, and also metallic substances 

To produce Artificial Lightning. 

Provide a tin tube, that is much larger on one 
side than the other, and in which there are se- 
veral holes, fill this tube with resin, in powder, 
and when it is shook over the flame of a torch, it 
will produce a sudden corruscation that strongly 
represents a flash of lightning. This is the manner 
in which lightning is produced at the theatres : it. 
is not the flame itself that is to be seen, but its 
reflection only, as happens for the most part in 
nature. 

In this manner also the flambeaux of the 
furies on the stage are constructed, except that, 
at the end of each of them, there is a match dipped 
in spirits of wine ; by means of which it is only 
necessary to shake them, and they will produce a 
sudden and very considerable flame. 

Method of cutting GlasSf ty means qfHeat. 

Take a common wine-glass, or any vessel you 
want cut, and having heated a poker in the fire till 
it is almost red hot, but not quite, apply it to the 
part where you wish the crack to begin } having 
held it upon the part for about a minute, remove 
the poker, and wet the place: the glass will imme* 
diately crack. Having now begun the crack, you 
may lead it in any direction, by merely drawing the 
hot poker in the direction you want. This is ex* 
tremely useful in many chemical experiments, 
where you are in want of proper apparatus. 

Glass tubes may be easily cut with a file. 

y 4 



A Method of' forming Pictures by Nitrate 
of Silver. 

It is well known Uiat light has a powerful eilect 
upon many of the metallic oxycles, causing them to 
turn black. 

Mr. J. Wedgewood has availed himself oi this 
property, for copying paintings on glass, and making 
profiles of figures, by means of nitrate of silver. 

Cover white paper, or leather, with a solution of 
nitrate of silver, and place it behind a painting on 
glass, which is exposed to the rays of the sun. The 
rays which come through will blacken the paper; 
but the shades will be more or less deep, in propor- 
tion to the quantities of light transmitted through 
the difl'erent parts of the glass. Where the glass is 
transpai-ent, and all the light comes through, the 
paper will be made quite black ; where the glass is 
quite opaque, and does not transmit any light, the 
paper will be quite white, and there will be degrees 
of intensity of the shadow of every variety between 
these. 

This picture is not sensibly affected by the light 
of candles or lampsi but the day-light destroys it 
very soon, causing all the paper to become black ; 
nor have any means, hitherto tried for preventing 
this, been successful. 

Besides the application of this property of nitrate 
of silver to copying the light and shadow of paint- 
ings on glass, it may be applied to some others. 
By means of it delineations may be made of all such 
objects as are partly opaque and partly transparent. 
The fibres of leaves, and the wings of insects, may 
be pretty accurately represented by it, by only 
making the solar rays pass through them, upon 
prepared leather or paper. 
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Sir Humphrey Davy found, that the images of 
small objects produced by means of the solar mi- 
croscope, may be copied without difficulty on 
prepared paper: the best proportion was one 
part of nitrate to about ten of water. This is 
sufficient to enable the paper to become tinged, 
without hurting its texture. 

Artificial Fire- Works. 

Artificial fire-works are of two kinds — those 
made of gunpowder, nitre, and other inflammable 
substances and filings of the metals, camphor, &c.; 
and those produced by hydrogen or inflammable air. 

Those made with gunpowder are well known, 
and are called rockets, fire-wheels, tourbillons, &c. 

Of these, the most usual are rockets. They are 
made by ramming into strong cylindrical paper cases 
put into wooden moulds, like small hollow columns, 
powdered gunpowder, or the ingredients of which it 
is composefl ; viz. saltpetre, sulphur, and charcoal, 
very dry. 

If you would represent a fiery rain falling from 
the rocket, mix among your charge a composition 
of powdered glass, filings of iron, and saw dust ; tliis 
shower is called the peacock's tail, on account of the 
various colours that appear in it. Camphor mixed 
with the charge produces white or pale fire; resin 
a reddish colour; sulphur a blue ; sal ammoniac a 
green ; antimony a reddish yellow ; ivory shavings 
a silvery white, pitch a deep or dark coloured fire, 
and steel filings beautiful corruscations and sparks. 

Sticks are fastened to the rockets by which they 
are projected into the air, after they have been 
lifted ; the charge, burning with great intensity 
at one end, acts upon the air, which, in its turn. 
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re-acts upon tlie rocket, and causes it to ascend, on 
the same principle as a boat is put oS'by a man in 
it who pushes against the shore with a boat-hook. 

Fire-works by means of inflammable air are the 
most elegant; and being free from smell or smoke, 
may be exhibited in a room without any disagree- 
able effect. 

By referring to what has been already said wbea 
treating on hydrogen gas, the principle of these fire- 
works will easily be understood. Small copper or 
tin tubes must be provided, of about a quarter of 
an inch in diameter ; these tubes must be formed 
into the shapes required, and pierced with very 
sraali holes where a flame is wanted to appear; to 
these pieces must be attached laige bladders, or 
air-tight bags, filled with hydrogen gas. There 
must also be a stop-cock between the tubes and 
the bladders, to open or close the communication. 
Having prepared every thing properly, open the 
stop-cock, and press the bladders; the hydrogen 
will be forced out throuijh the holes in the tubes, 
and by means of a taper may be inflamed. A con- 
stant stream of fire may be kept up as long as 
there is any air in the bladders. 

Upon this principle were constructed the beau- 
tiful fire-works exhibited ia London by Mr. Cart- 
wright. 

The philosophical candle, formed by hydrogen, 
has been already described under chemistry. 



Of Artificial Grottos and Shell- War /c. 

The idea of artificial grottos is often wrongly 
conceived. They are usually intended as imita- 
tions of nature; yet natural grottos are never seen 
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ornamented within with shells, corals, pieces of 
looking-glass, &c., disposed in a reguiar manner. 
Sometimes, indeed, a more sober species of grotto 
is attempted, composed of rough masses of stone, 
representing natural rocks, and covered with moss, 
and various plants. The difficulties, however, in 
this art, considered as an imitation of nature, are 
much greater than most persons suppose. To sue* 
ceed, Uie knowledge of the painter and the archi- 
tect are necessary ; and only those who have been 
accustomed to study nature with great attention^ 
are sufficiently acquainted with natural forms* 
The chief aim should be to dispose the parts so that 
one may forget' that the arrangement is arti£ciaL 

There is another idea, however, that may be en- 
tertained with regard to artificial grottos ; which 
is, that they need not represent natural caverns; 
but the supposed productions of enchantment or 
magic. In this light, most of the incongruities 
wiU disappear, and evety possible license may be 
given for the display of imagination and taste. 
Nothing is supposed to be impossible to magical 
power ; therefore every species of natural or artifi- 
cial productions may be combined together, and 
evety thing introduced that may excite astonish- 
ment and surprise. Here there is no necessity for 
imitating the appearance of natural grottos, but 
every species of r^ularity and irregularity may be 
licensed. The sciences of architecture and me- 
chanics may thus lend their aid in the construction 
of places, where mere nature is not the object of 
imitation, but where every thing may be employed 
thatcan have a powerful effect upon the imagination. 

Shell-work, corals, statues, fountains, streams of 
water, paintings, curious musical pieces of mechan- 
ism ; in short, every thing extraordinary, may be 
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introduced with great success ; and in this art there 
is an ample field for the display of taste. 

The external of a grotto is the part where the 
least att-empt at ornament should be made. It is 
best made to resemble some hermitage constructed 
of roots of trees, or some similar kind of structure j ' 
but no attempt should be made to imitate a natural 
cavern, except the situation should be peculiarly 
happy tor this purpose. 

A cement for fixing large shell-work and stonei 
may be prepared as follows: Melt together a 
quantity of resin, pitch, and bees-wax, and add 
to it powdered marble or freestone, and a Uttle 
sulphur. Any of the finer cements, mentioned 
under the article cements, may be used for delicate 
purposes. 

To make Artificial Coral for Grottos. 

To two drachms of fine vermilion add one 
ounce of clear resin, and melt them together. 
Having your branches or twigs peeled and dried, 
paint them over with this mixture while hot. The 
black thorn is the best branch for it. Hold them 
over a gentle fire, turning them round till they 
are perfectly covered and smooth. You may 
make white coral with white lead, and black with 
lamp-black. 

To take Impressions Jrom Leaves. 

Take green leaves of trees or flowers, and lay 
them between the leaves of a book till they are dry. 
Then mix up some lamp-black with drying oil* and 
make a small dabber of some cotton wrapped up in 
a piece of soit leather. Put your colour upon a 
S 
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tile, and take some on your dabber. Laying the dried 
leaf flat upon a table, dab it very gently with the 
oil colour, till the veins of the leaf are covered ; 
but you must be careful not to dab it so hard as to 
force the c^our between the veins. Moisten a 
piece , of paper» or rather have a piece laying 
between several sheets of moistened paper for 
several hours, and lay this over the leafi which has 
been blackened. Press it gently down, and then 
subject it to the action of a press, or lay a heavy 
weight on it, and press it down very hard. By 
this means you obtain a very beautiful impression 
of the leaf and all the veins ; even the minutest 
will be represented in a more perfect manner than 
they could be drawn with the greatest care. These 
impressions may also be coloured in the same 
manner as prints. 



A Method of making Pictures of Birds, by 
means of their own Feathers. 

Get a thin board or pannel of deal, or wainscot^ 
well seasoned, that it may not warp. Paste white 
paper over it, and let it dry. Take any bird that 
you would wish to represent, and draw its outline 
on the paper, in the attitude you desire, and of the 
full size, adding what landscape, back ground, &c. 
you wish. This outline, so drawn, is afterwards 
to be filled up with the feathers from the bird, 
placing each feather in that part of the drawing 
corresponding to the part of the bird it was taken 
from. 

To do this, cover the representation with several 
coats of strong gum water, letting it dry between 
each coat, till it is of the thickness of a shilling. 
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When your ground is thus prepared, take the 
feathers off from the bird, beginning at the tail or 
the points of the wings, as you must work upwards 
towards the liead. These feathers must be prft. 
pared by cutting off all the downy part; and the 
larger featliers must have the insides of their sbafls 1 
pared off, to make them lie flat. To lay them on, 
make use of a pair of small pliers to hold tlicm by| 
and moistening the gummed ground with water, 
place each teatiier In its natural and proper situ* 
ation. Keep each feather down, by putting  
small leaden weight upon it, till you have another 
prepared to lay on. You must be careful not to 
let the gum come through the feathers, as it smears 
them, and sticking to the bottoms of the weights, 
will be apt to pull the feathers off. When you 
have put on all the feathers, you must cut a piece 
of round paper, and colour it like the eye, which 
you may stick in its place ; but the best way is to 
get small eyea made of glass. The bill, legs, and 
feet must be drawn and coloured from Nature. 
When it is finished and* adjusted to your mind, lay 
a sheet of paper upon it, and upon that a heavy- 
weight to press it ; which must remain till the 
whole is quite dry. 



To take the Impression qfanj/ Butterfly in aU 
its Colours. 

Having taken a butterfly, kill it without sptMling 
its wings, which contrive to spread out as r^ularly 
as possible in a flying position ; then, with a small 
brush or pencil, take a piece of white paper ; wash 
part of it with gum water, a little thicker than 
ordinary, so that it may easily dry ; afterwards, 
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Uying your butterfly on the paper, cut off tlie 
^ody close to the wingH, and throwing it away, lay 

te paper on a smooth board, with the fly upwards ; 

nd laying anotlier paper over that, put tlie whole 

ireparation into a screw press, and screw it down 
1\reiy hard, or otherwise press it, letting it remain 
^under that pressure for half an hour. Afterwards 
|take ofl" the wings of the butterfly, and you will 
find a perfect impression of them, witii all their 
various colours marked distinctly, remaining on 
(^e paper. When this is done, draw between the 

ifings of your impression the body of the butterfly, 

ind colour it after the insect itself. 



3*0 /fly Mezzofinto Prints upon Glass. 

Take what mezzotinto print you please ; cut 
(Off the margin, and lay it flat in a dish of clear hot 
ivater ; let it remain on the surface till it sinks. 
'When you take it out, be careful not to break it, 
fuid press it betwixt clean cloths or papers, so that 
^o water may appeal- on tlie surface, but the print 
■be quite damp : then lay it, face uppermost, on a 
fiat table ; have ready a plate of pure crown glass, 
iree from all spots or scratches ; lay some Venice 
turpentine all over one side of it with a sofl brush, 
and bold it to the Are a little, to make it run quite 
■equal and thin ; then let it fall gently on the print. 
rPress it down, that the turpentine may stick to the 
[print; and also press the print with your fingers, 
0ovn the middle to the edges of the glass, so that 
mo blisters may remain. Wet your print now with 
:a soft cloll), and rub it gently with your finger, and 
^he paper will peel off, leaving only the impression 
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upon the glass. When it b dry, wet it vnt with 
oil of tuqientine till it is transpirent. and Mt it by 
to dry, when it will be fit for painting. The 
colours used for painting in this manner an the 
usual oil colours, and there is nothing in ihe pro- 
cess particular. 

To make Artifidai Pearh, 

Take the blajf or bkakjish, which is ver^- com- 
mon in the riven near London, and acnpe off* tin- 
fine silvery scales from the belly. Wash and rub 
these in M-ater. Then suffer this «-ater to settle, 
and a sediment will be found of an cnly consistence. 
A little of this is to be dropped into a hollow glass 
bead of a bluish tint, and shaken about, so as to 
cover all the internal sur&ce. After this, the bead 
is filled up with melted white wax, to give it solidity 
and weight. 



To prepare the Nuremberg Pamier qfvariegaled 




MiSCRLLANEOilS. SSfJ 

To make very beautiful Artificial Petrifactiofu. 

Put into a retort a quantity of pounded fliior 
spar and a few bits of broken glass, and pour upon 
them some sulphuric acid; fluoric acid gas will 
be disengaged, holding silex in solution. The 
substances to be made to resemble petrifactions, 
as lizards, frogs, branches of trees, birds nests, &c. 
must now be pioistened with water, and placed 
in a vessel connected with the neck of the retort. 
The fluoric acid gas will be absorbed by the 
moisture adhering to the substances, and the silex 
will be precipitated upon them like a sort of hoar- 
frost, which will have a very beautiful appearance^ 
and is very durable. 

A Method of making Cast Steel 

This method has been invented in France. 
It is as follows : Take small pieces of iron, and 
place them in a crucible, with a mixture of chalk 
or lime-stone and the earth of Hessian crucibles. 
Six parts of chalk and six of this earth must be 
employed for twenty parts of the iron. The mat- 
ters are to be so disposed, that, after fusion, the 
iron must be completely covered by them, to pre- 
vent it from coming into contact with the external 
air. The mixture is then to be gradually heated, 
and at last exposed to a heat capable of melting iron. 
If the fire be well kept up, an hour will generally 
be sufficient to convert two pounds of iron into 
excellent and exceedingly hard steel, capable of 
beu^ forged ; an advantage not possessed by steel 
made in the usual manner. 

VOL. If. z 
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Method (ifdist'mgimhing Iron from SteeL 



Drop a little weak aqua-fortis on the melal ; let it 
remain for a few miQutes, and then wash it off witil 
water. If it is steel, the spot will be black, but if 
iron, the spot will be whitish grey. 



<i 



A Test for discovering the presence of Leai 
Copper, ^x. in H'iites. 

Lead and copper being sometimes used to 
amend the taste of wines, and these metaU being 
of a very poisonous quality, a test that shall detect 
this is of great value. The following test is the 
discovery of Mr. Hanhemann. 

Equal parts of oyster shells and crude sulphur 
are to be kept in a white heat for a quarter of an 
hour, dnd, when cold, this is to be mixed with 
an equal quantity of acidulous tartrite of potash, 
and put into a strong bottle with common water 
for an hour, and then decanted into bottles holdiDg 
an ounce each, with twenty drops of muriatic acid 
in each. 

This liquor precipitates the least quantities of 
lead, copper, &c. from wines, in a very sensible 
black precipitate. 

To make Pearl White. 

Put some good aqua-fortis into a I'lorence flask, 
and gradually add to it bismuth broken into small 
pieces, till no more dissolves ; then let the solution 
remain till it is transparent. Add to this some 
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water, and a white precipitate will be formed, 
which is to be washed and dried. This is white 
oxyde of bismuth, commonly termed magistery qf 
bismuth^ or pearl-white. 

This is used as a cosmetic, and is sold by the 
perfumers; but it very much impairs the skin, 
blackening it by degrees, so that once used, it 
must be continued; and it is also to be feared, 
that it has» besides, deleterious effects upon the 
constitution. 

To procure Ammakukejbr the Microscope. 

The surface of infused liquors is generally 
covered with a thin pellicle, which is easily brokeiiy 
but acquires thickness by standing ; the greatest 
number of animalculas are generally to be found 
in this superficial film. 

To make an infiision qf pepper. — Cover the bot* 
torn of an open jar, about half an inch thick^ with 
common bbck pepper, bruised ; pour as much 
soft water in the vessel as will rise about an inch 
above the pepper. The pepper and water are 
then to be well shaken together ; after which they 
must not be stirred, but be left exposed to the air 
for a few days, when a thin pellicle will be formed 
on the surface of the water, containing millions of 
animalculae. 

To procure the eels in paste. — Boil a little flour 
and water till it becomes of a moderate consistence ; 
expose it to the air in an open vessel, and beat it 
together from time to time, to prevent the surface 
from growing hard or mouldy : afler a few days, 
especially in summer time, it will turn sour ; then, 
if it be examined with attention, you will find 
myriads of eels on the sur&ce. Apply thqpo to - 

T 2 
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the microscope on a slip of flat glass, first putting on 
it a drop of water, taken up by the head of a pin, 
for them to swim in. 



A very useful Afethod of ffreaMng vp Logs qf 
JVood, 



I 



The usual way of breaking iip logs of wood fijf*** 
the purposes of fuel, is by axes, and driving wedges 
in. This, particularly in roots of trees, ia very 
laborious. It is also sometimes done by gun- 
powder, in the same way as stones and rocks are 
blasted ; but this is very troublesome, as the plug 
is often driven out. A better method of perform- 
ing this operation has lately been invented. A 
hole is bored with an augre, and a charge of pow- 
der introduced. An iron screw, with a good 
thread, having a hole bored through its axis, is then 
introduced into the hole, and turned till it come 
near to the powder. While the screw is putting 
in, a wire is kept in the hole tlirough its axis, but 
it is aflerwards drawn out, and a piece of twine 
dipped in a solution of nitre is put into its place. 
This quick match Is set fire to, and by its slow 
burning, affords time for the operator to retire be- 
fore it sets fire to the gunpowder. 

By this means, any roots or old stumps of trees 
may be easily broken up. 

A Process for purifying Fish Oil. 

Take a gallon of crude stinking oil, and put to 
it a pint of .water poured off from two ounces of 
lirae slacked in the air; stir the mixture up 
several times for the first twenty-four hours ; then 
let it stand a day, and the lime water will siak 
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below the oily which must be carefully separated 
from it. 

Another Method for purifying it more completely. 

Take a gallon of crude stinking oil, and mix with 
it a quarter of an ounce of powdtted chalk, a 
quarter of an ounce of lime slacked in the air, and 
half a pint of water; stir them together; and when 
they have stood some hours, add a pint of water, 
and two ounces of pearl-ashes, and place the mix- 
ture over a fire that will just keep it simmering, 
till the oil appears of a light amber colour, and has 
lost all smell, except a hot, greasy, soap-like scent. 
Then superadd half a pint of water, in which one 
ounce of salt has been dissolved, and having boiled 
it half an hour, pour the mixture into a proper ves- 
sel, and let it stand for some days, till the oil and 
water separate. 

If this operation be repeated several times, di- 
minishing each time the quantity of ingredients 
one-half, the oil may be brought to a very light 
colour, and rendered equally sweet with the com- 
mon spermaceti oil. 

Oil purified in this manner is found to bum 
much better, and to answer better the purposes of 
the woollen manufacture. If an oil be wanted 
thicker and more unctuous, this may be rendered 
so by the addition of tallow or fat 
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FINE ARTS- 
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Under the name of Fine or Polite Arts, lia\'e 
been generally comprehended, painting, sculpture, 
architecture, poetry, and music: but in the com- 
mon acceptation of words, the term fine arts is usu- 
ally confined to the three first j and the professors 
of them are called, by way of eminence, arlistn. 

It would exceed the limits to whicli we are con- 
fined in this work, to descant on the value and im- 
portance of the fine arts ; and it is the less neces- 
sary, as this subject is beginning to be generally 
understood, since drawing has become a necessary 
branch of education. 

To treat fully and professionally on the fine arts, 
would requjje a separate and e-vtcuded work, AVliat 
is here proposed, is to consider that part which 
enters into our system of usual school education. 

Drawing strictly means the dehneation of the 
contours or outUnes of objects : and in this sense the 
terra is used by painters, who distinguish between 
drawing and colouring : but the meaning of the 
word drawing is not sufficiently restricted, since, in 
common language, it has been applied to all such 
paintings as are executed with water colours on 
paper; the title of paintings having been rather 
given to those executed with oil colours on canvass. 

Since this difference of the materials onljf afforded 
a very bad ground of distinction on which to found 
two species, the term paintings in xvaler colours has 
very properly been lately introduced. 






Still, however, in common language, the name of 
drawings is given to all works in water-colours, 
whether in outline only, in black and white, or in 
colours ; and the term paintings to those in oil. 

Painting in oil is capable of the greatest degree 
of perfection, but is also the most difficult, and is 
seldom attempted but by professional artists: 
whereas, the use of water-colours is comparatively 
easier, and better adapted for common use. 

The first step in the arts is to learn to draw the 
outlines of objects: next to express the light and 
shadow: and, lastly, to add the colour. 

But before we proceed, it will be necessary to 
describe the implements and colours made use of. 
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Implements Jbr Dnncing. 

Draning-lKtards are for fixing the paper upon, so 
that it may not sliifl, and also for straining it, to 
prevent the colours, when laid wet upon the paper, 
from causing it to swell up, so as to be uneven. 
The siuiplest aort is made of a deal board framed 
square, with a strong piece across each end, to 
prevent warping. Upon this the paper may be 
fixed down with pins, wafers, or sealing-wax, or it 
may be strained with paste or glue, as follows : 
having wetted the paper well with a sponge, lay it 
upon the board, and turning up the edges about 
half an inch, run a little good paste or glue all round 
on the under side, and press the paper down upon 
the board with a cloth; then set it by to dry ; the 
paper, which had expanded and blistered up much 
when wet, will contract in drying, while the edges, 
being fixed immoveably, will strain quite flat and 
tight, and will be much better for drawing upon 
limit when louse. 
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d4l^ IMPLEMENTS FOR DRAWING. 

The best kind of" drawing-boards, however, are 
niude with a frame and a moveable pannel, upon 
which the paper is simply put wet, aud then 
forced into the frame, where it is conflned by 
wedges at the back. Tliis strains equally well 
without the trouble of pasting, so tliat you may 
dry it at the 6re ; and it al^o looks much neater* m 
These drawing-hoards may be bought at moak'fl 
cotour>!5hops. It is necessary to mentiont ttiat all 
the angles of drawing-boards should be exactly 
square. 

Parallel rulers are for drawing parallel lines 
readily : they are made of two pieces of ebony fas- 
tened together by brass bars, so as always to move 
parallel to each other. They may be bought of 
different kinds and prices, at the mathematical 
instrument makers. 

Tee-squares are rulers made in the form of the 
letter T, which are used with the drawing-boards ; 
the sliort end, called the stock, being applied to 
the edge of the board, so as to slide forwards and 
backwards ; while the long part, called the blade, 
is used for drawing lines by. These are more con- 
venient than parallel rulers, when a drawing-board 
is used, as by them you draw lines at right 
angles to each other at once, without using the 
compasses. 

Dividing compasses are instruments of brass and 
steel, ioT dividing lines, and laying down measures 
from scales, &c. : they are generally sold in cases, 
containing also a steel pen for drawing lines cleaner 
than can be done by a common pen, which is very 
iisefid where neatness is required ; and points with 
a black lead pencil, for putting into the compasses, 
when circles are to be described. These cases 
also contain scales of equal parts, and piotraclurs 
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for laying down angles. All these may be had at 
the instrument makers. 

Black lead pencils are made of plumbago sawed 
into slips, and fitted into sticks of cedar. They are 
of various qualities. The best are fine, without any 
grit, not too soft, and that cut easily without break- 
ing. An inferior kind is made by mixing up the 
dust of plumbago with gum or glue, and thus form- 
ing a composition, which is fitted into sticks in the 
same manner as the best : these are always gritty, 
and do not answer so well for most drawings ; yet, 
being cheaper, they may be used upon many occa- 
sions. It is necessary to examine pencils before 
any quantity is bought, by cutting one of them, 
because the composition pencils, having the same 
outward appearance, are often sold for the best. 

Indian rubber^ or elastic gum, as it is also called, 
is a substance much like leather, which has the 
curious and useful property of erasing or defacing 
lines drawn with black lead ; it is, therefore, much 
used for tliis purpose. It is brought chiefly from 
South America, in the form of small bottles, which 
are cut up into slips. It is originally the juice of 
a tree that grows very abundantly in Surinam, and 
is like milk when exuded from the tree, but soon 
becomes solid when exposed to the air. The na^ 
tives form balls of clay, which they smear over 
with this milk : when this coating is almost dry, 
they apply another, and so on, till it is of the re- 
quired thickness ; they then moisten the clay with 
water, which does not dissolve the Indian rubber, 
and wash it out. These bottles are used by the 
natives for containing water, or other liquors. It 
is a production common to the £ast Indies also, 
from whence it is imported in various forms^ 
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more convenieot for use than the bottles ibove- 
mentioned. 

Indian /nAr.^This very useful substance comes 
from China, where it is used for common writiog, 
which is there performed with a brush instead of a 
pen. It is a solid substance, of a brownish black 
colour. When ground up with water upon a clean 
tile or earthenware plate, it may be made cither 
. lifter or darker, as required, by adding to it more 
or less water. The best Indian ink is always 
stamped with Chinese cliaracters, breaks with a 
glossy fracture, and feels smooth, and not gritty, 
when rubbed against the teeth. The compoutiun 
is not accurately known. An inferior kind is made 
in this country ; but it may be easily distinguished 
by its grittiness. This is made of lamp black or 
ivoiy black, ground up with gum. 

Hair pencils are made of camel's hair, put into a 
goose or swan's quill. To choose these, mfnstcii 
them a little, and if they come to a point without 
splitting, tbcy are good ; if they do not, the}' arc 
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from plaster, or after the life. It is more gritty 
than black lead, but is of a deeper black, and has 
not the glossiness of the former. It is of two kinds, 
French and Italian ; the former is soft, the latter 
hard. 

For mellowing and softening the shadows into 
each other when black chalk is used. 

Stumps are necessary, lliey are pieces of soft 
shamoy leather, or blue paper, rolled up quite 
tight, and cut to a point. 

White chalk is used together with black, for 
laying on the lights. This is difierent from com- 
mon chalk, being much harder. Tobacco-pipe 
clay will do very well instead of it. 

Red chalk is a fossil substance of a red ochrey 
colour, which is sometimes used for drawing, but 
not so much now as it formerly was, the black 
being preferred ; however, the red being chei^er, 
will do very well for some purposes. 

Drawing paper, ^ Any paper that will do for 
writing will do for drawing ; but as the wire*marks 
in common writing paper are injurious, pi^er 
made without any wire-marks, called wox)e paper, 
is generally used for this purpose. It is made of 
various sizes and thickness. 

Middle tint paper is paper of a brownish or of a 
grey colour, which is used for drawing upon with 
black and white chalk. Being of a dark colour, 
the strokes of the white chalk are distinctly seen ; 
and it saves a great deal of time in making draw- 
ings, as the tint of the paper answers for the half 
shadow, so that all that is necessary to be done, is 
to lay in the dark shadows and the lights. 
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Various arc the opinions upon the best modi 
ut' beginning to leani to ^raw : and it is by do 
means easy to tleciJc upon tins point, as so much 
must always depend upon the genius, turn of mind,. 
and opportunities of the student. Uut, for general 
purposes, and when circumstances will admit of it^ 
we have no hesitation in recommending to begin. 
by the study of geometry and perspective. 

The* first forms the best introduction to a know- 
ledge of form, by giving accurate ideas respecting 
the most simple forms, of which all the otliere may 
be considered as compounds : and the last is abso-- 
liitely necessary, not only to enable us to draw tha 
representations of legulai' objects, but even to see 
them correctly : and it is certain that no one 
unacquainted with it^ rules can ever attain the 
power of drawing, without making the grossest 
mistakes. 

Geometry is a branch of mathematics which 
treats of the description and properties of magni- 
tudes in general. 

Definitions or Explanations qf Terms. 

1. A point has neither length, breadth, nor 
thickness. From this definition it may easily be 
understood that a mathematical point cannot be 
seen nor felt ^ it can only be imagined. What is 
commonly called a point, as a small dot made with 
a pencil or pen, or the point of a needle, is not in 
reality a niatlicinatical point \ for however small 
such a dot may be, yet, if it be examined with a 
magnifying glasb, it will be found to be an irregular 
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spot, of H very sensible length * and breadth ; and 
our not being able to measure its dimensions with 
the naked eye, arises only from its smallness. 
The same reasoning may be applied to every thing 
that is usually ealled a pouit ; even the point of 
the finest needle appears like that of a poker when 
examined with the microscope. 

£• A Une is length, without breadth or thick* 
ness. What was said above of a point, is also ap- 
plicable to the definition of a line. What is drawn 
upon paper wiCli a pencil or pen, is not, in fact, a 
line, but the representation of a line. For how- 
ever fine you may make these representations, they 
will still have some breadth. But by the defini- 
tion, a line has no breadth whatever ; yet it is im- 
possible to draw any thing so fine as to have no 
breadth; A line, therefore, can only be imagined. 
The ends of a line are points. 

3. Parallel lines are such as always keep at the 
same distance from each other, and which, if pro- 
longed ever so far, would never meet. Fl. 3. 
Fig. 1. 

4. A right line is what is commonly called a 
straight line, or that tends every where the same 
way. 

5. A curve is a line which continually changes 
its direction between its extreme points. 

6. An angle is the inclination or opening of two 
lines meeting in a point. Fig. 2. 

7« The lines A B, and B C, which form the an- 
^e, are called the legs or sides; and the point 
B where they meet, is called the vertex of the 
an^e, or the angular point An angle is some- 
times expressed by a letter placed at the vertex,- 
aa the angle B, i^. 2 : but most commonly by 
three letters, observing to place in the middle the 



letter at tlie vertex, and tlie other two at tlie end 
each leg, as the angle ABC. 

8. When one line stands tipon another, so 
not to lean more to one side than to another, both' 
the angles which it makes with the other are called' 
right-angles, as the angles ABC and A B D, Fig. 3f 
and all right-angles are equal to eqch other, beingr 
all equal to 90° ; and the line A B is said to be^»^- 
pendicular to C D. • 

Beginners are very apt to confound the tenni^ 
perpaidiciiiar, &adplumb or vertical line. A line i* 
vertical when it is at right-angles to the plane of^ 
the horizon, or level surface of the earth, or to (h©' 
surface of water, which is always level. The sides'' 
of a house are vertical. But a line may be pei^ 
pendicular to another, whether it stands upright or 
incUnes to the ground, or even if it lies flat upon iV 
provided only that it makes the two angles formed* 
by meeting with the other line equal to each otlier ; 
as for instance, if the angles A B C^ and A B D be f 
equal, the line AB is perpendicular to CD, what- 
ever may be its position in other respects. 

9. When one line, BE (Fig. 3), stands upon 
another, C D, so as to incline, the angle E B C, 
which is greater than a right-angle, is called an 
obtuse angle ; and that which is less than a right- 
angle, is called an acute angle, as the angle E B D. 

10. Two angles which have one leg in common, 
as the angles ABC, and ABE, are called cotiH- 
gnous angles, or adjoining angles; those which 
are produced by the crossing of two lines, as the 
angles E B D and CBF. formed by C D and EF, 
crossing each other, are called opposite or vertical 
angles. 

11. AJigure is a. bounded sp^ce, and is either a 
surface or a solid. 
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12. A supetjScieSp or surface^ has lengUi and 
breadth only. The extremities of a superficies are* 
tines. 

A plane^ or plane surface^ is that which is 
every where perfectly flat and even, or which will 
touch every part of a straight line, in whatever 
direction it may be laid upon it. The top of 
a marble slab, for instance, is an example of 
this, which a straight edge will touch in every 
point, so that you cannot see light any where 
between. 

A curved surface is that which will not coincide 
with a straight line in any part Curved surfaces 
may be either convex or concave. 

A convex surface is when the surface rises, up in 
the middle, as, for instance, a part of the outside 
of a globe. 

. A concaoe surface is when it sinks in the middle, 
or is hollow, and is the contrary to convex. 

A surface may be bounded either by straight 
lines, curved lines, or both these. 

IS. Every surface bounded by straight lines 
only, is called a rectilinear^gure. 

14. Three is the fewest number of sides that a 
rectilinear figure can have ; and it is then called a 
triangle. 

15. Triangles are of different kinds, according 
to the lengt/is qf their sides. 

An equilateral triangle has all its sides equal, as 
ABC, Fig. 4. 

An isosceles triangle has two equal sides, as 
DEF, Fig. 5. 

A scalene triangle has all its sides uoequal, as 
GHI, Fig. 6. 

16. Triangles are also denomyiated according 
to*the angles they contain. 
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A righl-angled triangle is one tliat liaa in it 
right-angle, as A B C, Fig. 7. 

A triangle cannot have more than one right-ai 
gle. The side opposite to the right-angle B, as 
AC, is called the iiypothenvse, and is always thei 
longest side. ' 

An obiuse-angled triangle has one obtuse angle, 
as Fig. 8. 

An acute-anglcd triangle has all its angles acute, 
as Fig. 4. 

An isosceles, or a scalene triangle, may be 
either right-angletl, obtuse, or acute. 

Any side of a triangle is said to subtmd the 
angle opposite to it : thus A B (Fig. 7), subtends 
the angle A C B. 

If the side of a triangle be drawn out beyond 
the figure, as A D (Fig. 8), the angle A, or C A B, , 
is called an internal angle, and the angle CAD, 
or that without the figure, un extoTial angle, 

17. A figure with lour sides is called a quadri- 
lateral figure. They are of various denominations, 
as their sides are equal or unequal, or as all their 
angles are right angles or not. 

18. Every four-sided figure whose oppo^te sides 
are parallel, is called a paraUelogram. Provided 
that the sides opposite to each other be parallel, it 
is immaterial whether the angles are right or not. 
Fig. 9, 10, 11, and 13, are all pai'allelograms. 

When the angles of a parallelogram are all 
right angles, it is called a rectangular paraUel- 
ogram, or a rectangle, as Fig. 11 and 12. 

19. A rectangle may have all its sides equal, or 
only the opposite sides equal. When all its sides 
are equal, it is called a square, as Fig. 12. 

20. When the opposite sides are parallel, and ail 
the sides equal to each otlier, but the angles not 
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right angles, the parallelogram is called a rhombus^ 
as Fig. 10. 

21. A parallelogram having all its angles oblique, 
and only its opposite equal, is called a rhomboid^ 
as Fig. 9. 

22. When a quadrilateral or four-sided figure 
has none of its sides parallel, it is called a trape^ 
ziumy as Fig. 1 3. ; consequently every quadrangle, 
or quadrilateral which is not a parallelogram, is a 
trapezium. 

23. A trapezoid has only one pair of its sides 
parallel, as Fig. 14. 

24. A diagonal is a right line drawn between 
any two angles that are opposite in a quadrangle, 
as I K, Fig. 15. In parallelograms the diagonal is 
sometimes called the diameter^ because it passes 
through the centre of the figure. 

25. Complements of a parallelogram. If any 
point, as £ (Fig. 15.), be taken in the diagonal of a 
parallelogram, and through that point two lines are 
drawn parallel to the sides, as A B, CD, it will be 
divided into four parallelograms, D D, L, F, G G. 
The two divisions, L, F, through which the diame- 
ter does not pass, are called the complements. 

26. Figures having more than four sides are 
called polygons. If the sides are all equal, they 
are called regular polygons : if they are unequal, 
they are called irregular polygons. 

A pentagon is a polygon of five sides. 

A hexagon has six sides. 

A heptagon seven sides. 

An octagon eight sides. 

A nonagon nine sides. 

An undecagon eleven sides. 

A duodecagon twelve sides. 
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When they have a greater number of fudes, Uiey 
are called polygons of 13 sides, of 14 sides, and 
so on. 

27. Base of a figure is the side on which it is 
supposed to stand erect, as A B and C D. (Fig. 16.) 

28. Altitude of a figure is its perpendicular 
height from tlie base to the highest part, iis E F. 
(Fig. 16.) 

^9. Area of a plane figure, or other surfhce, 
means the quantity of space contained within its 
boundaries, expressed in square feet, yards, or any- 
other superficial measure. 

30. Similar ^figures are such as have tJie same 
angles, and whose sides are in the same proportion, 
as Fig. 17. 

fil. Equal figures are such as have tlic same 
area or contents. 

83. A cirrle is a plane %ure, bounded by a 
curve line returning into itself, called its circum- 
fereme, ABCD, (Fig. 18.) every where equally 
distant from a point E witiiin tlie circle, whicli is 
odled the centre. 

S3. The radim of a circle is a straight line drawn 
from the centre to the circumference, as £ F. 
(Fig. 18.) The radius is the opening of the com- 
pass when a circle is described ; and consequently 
all the radii oi' a circle must be equal to each other. 

34. A diameter of a circle is a straight line 
drawn from one aide of the circumference to the 
other through the centre, as C B. (Fig. 18.) Every 
diameter divides the circle into two equal parts. 

35. A segment of a circle is a part of a circle cut 
off by a straight line drawn across it. This straight 
line is called the chord' A segment may be either 
equal to, greater, or less than a semicirclet which is 
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a segment formed by the diameter of tlie circle, as 
CE B, and is equal to half the circle. 

S6. A tangent is a straight line drawn so as 
just to touch a circle without cutting it, as G H. 
(Fig. 18.) The point A, where it touches the cir- 
cle, is called the point q/' contact. And a tangent 
cannot touch a circle in more points than one. 

37. A sector of a circle is a space comprehended 
between two radii and an arc, as B I K. (Fig. 19.) 

38. The circumference oi" every circle, whether 
great or small, is supposed to be divided into 360 
equal parts, called degrees ; and every degree into 
(iO parts, called minutes ; and every minute into 
(JO seconds. To measure the inclination of lines 
to each otiier, or angles, a circle is described 
round the angular point as a centre, as I K, fig. I9.; 
and according to the number of degrees, minutes, 
and seconds, cut off by the sides of the angle, so 
many degrees, minutes, and seconds, it is said to 
contain. Degrees are marked by ", minutes by ', 
and seconds by "; thus an angle of 48 degrees, 
15 minutes, and 7 seconds, is written in this 
manner, iS" 1.5' 7 "• 

59. A soiid is any body that has length, breadth, 
and thickness : a book, for instance, is solid, so is 
a sheet of paper; for though its thickness is very 
small, yet it has some thickness. The boundaries 
of a solid are surfaces. 

40. Similar so/ids ai'e such as are bounded by an 
equal number of similar planes. 

41. A prism is a solid, of which the sides are 
parallelogramg, and the two ends or bases are 
simUar polygons, parallel to each other. Prisms 
are denominated according to the number of angles 
in the base, triangular prisms, quadrangular, pent- 
angular, and so on, as Fig. 20, '^I, 22, 23. If the 
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sides are perpendicular to tlic plane of tlie base, it is 
called an vpr'tghl prism ; if they arc inclined, it is 
calletl an ohliijue prism. 

4.2. When the base of a prism is a parallelogram, 
it is called a parallelopipedon, as Fig. 22. and 43. 
Hence a psirallclopipedon is a solid teitninntcd by 
six parallelograms. 

43. When all the sides of a parallelopipedon are 
squares, tliu solid is called a cube, as Fig. 23. 

44. A 7-ho7nboid ts an oblique priMm, whose twises 
arc paiallelogi-ams. (Fig. 24.) 

45. A pyramid, A B, (Fig. 2.0. and 2G.) is a solid 
bounded by, or contained witliin a iiiinibcr of 
planes, whose base may be any rectilinear figure, 
and whose laces are triangles terminated in one 
point, B, commonly called the iummit, or iwtex of 
the pyramid. 

When the Bgure of the base is a triangle, it is 
called a triaiigular pi^ramid ; when the figure of 
the base is quadrilateral, it is called a qtiadrlhiicral 
pyramid, &c. 

A pyramid is either regular or vTegular, ac- 
cording as the base is regular or irregular. 

A pyramid is also right or upright, or it is 
oblique. It is right, when a line drawn from the 
vertex to the centre of the base, is perpendicular 
to it, as Fig. 25. ; and oblique, when this line in- 
clines, as Fig. 2f). 

46. A cylinder is a solid (Fig. 27. and 28.) ge- 
nerated or formed by the rotation of a rectangle 
about one of its sides, supposed to be at rest ; this 
quiescent side is called the axis of the cylinder. 
Or it may be conceived to be generated by the 
motion of a circle, in a direction perpendicular to 
its surface, and always parallel to itself 
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A cylinder is either right or oblique^ as the axis 
is perpendicular to the base or inclined. 

Every seetion of a right cylinder taken at right 
angles to its axis is a circle; and every section 
taken across the cylinder^ but oblique to the axis, 
is an ellipsis. 

As a circle may be considered to be a polygon of 
an infinite number of sides, so a cylinder may be 
conceived as a prism having such polygons for 
bases. 

47. A cone is a solid, (Pig. 29. and 30.) having 
for its base a circle, and its sides a convex surface, 
and terminating in a point A called the vertex or 
apex of the cone. It may be conceived to be 
generated by the revolution of a right*angled 
triangle about its perpendicular. 

Aline drawn from the vertex to- the centre pf 
the base, is the axis of the cone. 

When this line is perpendicular to the base, the 
cone is called an upright or right cone ; but when 
it is inclined, it is called an oblique cone. 

If a cone be cut through the axis from the vertex 
to the base, the section will be a triaiigle. 

If a right cone be cut by a plane at right angles 
to the axis, the section will be a circle. 

If a cone be cut oblique to the axis, and quite 
across from one side to the other, the section will 
be an ellipsis, as Fig. Si. A section of a cylinder 
made in the same manner, is also an ellipsis ; and 
this is easily conceived ; but it does not appear so 
readily to most people, that the oblique section of 
a cone is an ellipsis : they frequently imagine that 
it will be wider at one end than the other, or what 
is called an oval^ which is of the shape of an egg. 
But that this is a mistake, any one may convince 
himself, by making a cone, and cutting it across 
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d>Uquely : it will be then seen that the aectioa, in 
whatever direction it is taken, is a regular dfipu i 
and this is the case, whether the cone be ri(^ or 
oblique ; except only in one case in the (Clique cone^ 
which is when the section is taken in a particular 
direction which is called sub-contrary to its base. 

48. When the section is made parallel to one of 
the sides of the cone, as Hg. 32., the curve ABC, 
which bounds the section, is called a parabola. 

4^. When the section is taken parallel to the 
axis, as Fig. 33., the cun'e is called an ^fperbola. 

The curves which are fonned by cutting a cone 
in different directions are called conk sectioni, and 
have various properties which are of great import- 
ance in astronomy, gunnery, perspective, and 
many other sciences. 

50. A sphere is a solid, terminated by a convex 
suriace, every point of which is at an equal distance 
from a point within called tke centrv. Fig. 94. 

It may be conceived to be formed by making a 
semicircle revolve round its diameter. This may 
be illustrated by the process of forming a ball of 
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througU Uie centre, it divides the sjjhere into two 
equal parts, each of which is called a /icmispkere. 

31. A conoid is a solid produced by the circunv 
volution of a section of the cone about its axisj 
and consequently may be either an elliptical conoid, 
a hyperbolical conoid, or -a parabolical conoid. When 
it is elliptical, it is generally called a spheroid. 
I'hese solids are also called ellipsoid, hyperboloidt 
and paraboloidk 

52. A spheroid is a solid (Fig. 3^.) generated 
by the rotation of a semi-ellipsis about the trans- 
verse or conjugate axis ; and the centre of the 
eliipHis is the centre of tiie >4pheroid. 

The line about which the ellipsis revolves, is 
called the auis. If the spheroid be generated 
about the conjugate axis of the semi-ellipsis, it i9 
called a folate spheroid, 

]f the spheroid be generated by the semi-ellipsis 
by revolving about the transverse axis, it is called 
an obhmg spheroid. 

Every section of a spheroid is an ellipsis, except 
when it is perpendicular to that axis about which 
it is generated ; in which case it is a circle. 

All sections of a spheroid parallel to each other 
are similar figures, 

Ajittsltim of a solid means a piece cut off from 
the solid by a plane passed through it, usually 
parallel to tlie base of the solid ( as the fruetum of 
a cone, a pyramid, &c. 

Thei'e is a loKer and an upper firustum, according 
as the piece spoken of does or does not contain the 
base of the solid. 

53. jRatio is the proportion which one magnitude 
bears to anotlier of the same kind, with respect to 
quantity ^ and is usually marked thus, A : B. 

A A 4> 
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Of these, the first is called tlie antecedent^ and 
the second the consequent. 

The measure or qutnitily of a ratio is conceived 
by considering what part of the consequent is tlic 
antecedent ; conscciiiently it is obtained by dividing 
the consequent by the antecedent. 

54. Three magnitudes or quantities, A,B,C, are 
said tobepropor/io«(i/, when the ratio of tJie first to 
the second is the same as that of the second to Uie 
third. Thus, 2, 4, 8, are proportional, because 4 
is contained in 8 as many times as 2 is in 4. 

55. Four quantities, A,B,C,D, are said to be pro- 
portional when tlie ratio of the first A to tlie second 
B is the same as the, ratio of the third C to the 
fourth D. It is usually written A : B : : C : D, 
or, if expressed in numbers, 2 ; 4 : : 8 : 16. 

56. Of Mree proportional quantities, the middle 
one is said to be a tnean proportional between the 
other two ; and the last a third proportional to the 
first and second. 

57. Oi'Jonr proportioiKil tjiiaiititics, the hist is 
said to be a fourth proportional to the other three, 
taken in order. 

58. Ratio of equality is that wliich equal numbers 
bear to each other. 

59. Inverse ratio is when the antecedent is made 
the consequent, and the consequent the antecedent. 
Thus if 1 : 2 : : 3 : G ; then inversely, 2:1 : : 6 : 3. 

60. Alternate proportion is when antecedent is 
compared with antecedent, and consequent with 
consequent. Thus if 2 : 1 : : 6 : Sj then by alter- 
nation, 2 : 6 : : 1 : 3. 

61. Proportion by composition is when the ante- 
cedent and consequent, taken as one quantity, are 
compared either with the consequent or wiUi the 
antecedent. Thus if 2 : 1 : : 6 : 3 j then by com- 
position ^ + 1 -.1 ::6+3 : 3, and 2 + 1 :2:()+S:6. 
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62. Divided proportion is when the difference of 
the antecedent and consequent is compared either 
with the consequent or with the antecedent. Thus 
if 3 : 1 : : 12 : 4 ; then by division 3 — 1 : 1 : : 12 
— 4:4 and 3 — 1 :3::12 — 4: 12. 

63. Continued proportion is when the first is to the 
second as the second to the third ; as the third to 
the fourth ; as the fourth to the fifth ; and so on. 

64. Compound ratio is formed hj the multiplica- 
tion of several antecedents and the several conse- 
quents of ratios together, in the following manner : 

If A be to B as 8 to 5, B to C as 5 to 8, and C to 

Das8to6; then A will be D, as ^~|^=:i^ = + ; 

tliat is, A : D : : 1 : 2. 

65. To Bisect means to divide any thing into 
two equal parts. 

6(j. To Trisect is to divide any thing into three 
equal parts. 

67. To Inscribe is to draw one figure within 
another, so that all the angles of the inner figure 
shall touch either the angles, sides, or planes of the 
external figure. 

68. To Circumscribe is to draw a figure round 
another, so that either the angles, sides, or planes 
of the circumscribed figure shall touch all the 
angles of the figure within it. 

69* A Rectangle under any twa lines means a 
rectangle which has two of its sides equal to one of 
the lines, and two of them equal to the other. Also 
the rectangle under AB,CD, means ABxCD. 

70. Scales qf equal parts. A scale of equal parts 
is a straight line divided into any number of equal 
parts at pleasure. Each part may represent any 
measure you please, as an inch, a foot, a yard, &c. 
One of these is generally subdivided into parts of 
the next denomination, or into tenths or hundredths. 
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Scales may be constructed in a variety of w^ 
The most usual manner is to make an inch, or i 
aliquot part of an inch to represent a foot ; aoj 
then they are called inch scales, three-quarW 
inch scales, half-inch scales, quarter-inch scales, tu 
They are usually drawn upon ivory or box-woocL 

71 • An arioTii is a manifest truth, not requihngj 
any demonstration- 

72. Postulates are things required to be grantdll 
true, before we proceed to demonstrate a propai^ 
sitioa. 

73. A proposition is when something is eitht 
proposed to be done, or to be demonstrated, and 
either a problem or a theorem. 

y*. A problem is when something is proposed I 
be done ; as some figure to be drawn. 

75. A theorem is when something is proposed t4 
be demonstrated or proved. 

76. A lemma is when a premise is demoasirateda 
in order to render the thing in hand the more easy; 

77- A coraUarif is an inference drawn from the 
demonstration of some proposition. 

78. A scholium is when some remark or observa- 
tion is made upon something mentioned before. 

79* The sign := denotes that the quantities be- 
twixt'which it stands are equal. 

80. The sign + denotes that the quantity after 
it is to be added to that immediately before iU 

81. The sign — denotes that the quanti^ after 
it is to be taken away or subtracted from the quao- 
tity preceding it. 

Geometrical Problems. 

Prob.l. To divide a given line, AB(P1.*.), 
into two equal parts. 



From tlic points A and B as centres, and with 
any opening of" the compasses greater than half 
A B, describe arches cutting each otlier in c and tL 
Draw the line erf; and the point E, where it cuts 
A B, will be the middle required, 

Prob. 2. To raise a perpendicular to a given line 
A B, from a point given at C. 

Case 1 . When the given point is near the middle 
of the line. Oo each side of tlie point C, take any 
two equal distances Ct/and Ce; from d and e^ 
with any radius or opening of the compasses greater 
than C rf, or C c, describe two arcs cutting each 
otlier iti Jl Lastly, through the points _/,' C, draw 
the lineyC, and it will be the perpendicular re- 
quired. 

Case S. When the point is at or near the end of 
the line. Take any point d, above the line, and 
with the radius or distance rfC, describe the arc 
e CJ', cutting A B in e and C. Through the centre 
d, and the point e, draw the line e df, cutting the arc 
e Cf\nf. Through the points^,' C, draw the line 
/H, and it will be the perpendicular required. 

Prob. S. From a given point, ^ to let fall a per- 
pendicular upon a given line A B. 

From the point j; with any radius, describe 
the arc dc, cutting A B in c and rf. From the 
points e d, witli the same or any other radius^ 
describe two arcs cutting each other in g. Through 
the points ^and g, draw the lirey^; and^C will 
be Uie perpendicular required, 

Prob. 4. To make an angle equal to another 
angle which is given, as a B i. 

From the point B, with any radius, describe the 
arc a b, cutting the tegs B a, B 6, in the points a 
and b. Draw the line D e, and from the point D, 
with the same radius as before, describe the arc ej". 
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cuttiiif; He in f. Take the distance h a, and applv 
it to tihe arc ef, from e tojl Lastly, thnNtf*h the 
points, Vt,/, draw the line DJ", and the angle e Ttf 
will be equal to the angle & B a, as was required. 

Prob. 5. To divide a given angle, A B C\ into 
two equal angles. 

From the point B, «'ith any radius, deticribc the 
arc A C. From A and C with the sami-, or any 
other radius, describe arcs cutting each in ri. I)r.ivi' 
the line B d, ami it will bisect the angle A IJ (', ;i- 
was required. 

Prob. (i. To lay down an angle of any number 
ofd^recs. 

There are various methods of doing this. Oitc 
is bv the use of an instrument called a protraclnr, 
which is a semicircle of brass having iu circumfiT- 
ence divided into degrees. Let A B be a given 
line i and let it be required to draw from the an- 
gular point A, a line making with A B any nunilier 
of degrees, suppose SO. Lay the straight side of 
the protractor along the line AB, and count 'Jti' 
from the end B of the semicircle ; at (', which i- 
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Case 1. Take any point cf, in A B ; upon <;( and 
C, with the distance C d, describe two arcs, e C, 
and df^ cutting the line A B in e and d. Make 
d J* equal to e C; through C andy'draw C^ and it 
will be the line required. 

Case 2. When the parallel is to be at a given 
distance from A B. From any two points, c and 
«/^ in the line A B, with a radius equal to the given 
distance, describe the arcs e diudj*: draw the line 
C B to touch those arcs without cutting them, and 
it will be parallel to A B, as was required. 

Prob. 8. To divide a given line A B into any 
proposed number of equal parts. 

From A, one end of the line, draw A c, making 
any angle with AB; and from B, the other end, 
draw B d, making: the angle AB d equal to B A c. 
In each of these lines A c, B </, beginning at A and 
B, set off as many equal parts of any length as A B 
is to be divided into. Join the points C 5, 46, 
37 f &c., and A B will be divided as required. 

Prob. 9. To find the centre of a given circle, 
that is, of any one already described. Draw any 
chord A 6, and bisect it with the perpendicular 
C D. Bisect C D with the diameter E F, and the 
intersection O will be the centre required. 

Prob. 10. To draw a tangent to a given circle 
that shall pass through a given point, A. 

From the centre O, draw the radius OA. 
Through the point A, draw . D £ perpendicular to 
O A ; and it will be the tangent required. 

Prob. 11. To draw a tangent to a circle, or any 
segment of a circle ABC, through a given point 
B, without making use of the centre of the circle. 

Take any two equal divisions upon the circle 
from the given point B, towards d and e, and draw 
the chord e B. Upon B, as a centre with the dis- 
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tance B d, describe tlie &rcfdg, cutting the cliorf 
eSiof. Make dg equal to df; through g dm 
g B, and it will be the tangent required. 

Prob. IS. Given three points, -A, B, C not in i 
straight line, to describe a circle that shall pa» 
through them. 

Bisect the lines AB, BC, by the perpendicu- 
lars a b, ba, meeting at d. Upon d, with the dts- 
tance cf A, t/B, oi' dC, describe ABC, and it wiB 
be the required circle. 

Prob. IS. To describe the segment of a circle; 
of any length A B, and any height C D. 

Bisect AB by the perpendicular D^, cuttiuf; 
A B in c. From c make c D on the perpendicular 
equal to C D. Draw A D, and bisect it by a per- 
pendicular ef, cutting D^ in g. Upon g the 
centre, describe A D B, and it will be the required 
segment. 

Prob. 14. To describe the segment of a circle 
by means of two rulers, to any length A B, and 
perpendicular heiglit C 1) in the middle of A B, 
without making use of the centre. 

Place the rulers to the height at C ; bring the 
edges close to A and B ; fix them together at C, 
and put another piece across them to keep them 
fast. Put in pins at A and B, then move the rulers 
round these pins, holding a pencU at the angular 
point C, whicli will describe the segment. 

Prob. 15. In any given triangle to inscribe a 
circle. Bisect any two angles A and C, with the 
lines A D and CDC. From D the point of inter- 
section, let fall the perpendicular D E ; it will be 
the radius of the cii'cle required. 

Prob. W. In a given square, to describe a regu- 
lar octagon. 
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Draw tlic diagonals AC aii4 BD, intersecting 
at e. Upon the points A, B, C, D, as centres, 
with a radius eC, describe the arcs hel, ken, 
"* f gije i. Join/«, nth, k i, Ig, and it wUl be the 
required octagon. 

Prob. 17- I» a given circle, to describe any re- 
gular polygon. 

Divide the circumference into as many parts as 
there are sides in the polygon to be drawn, and 
join the points of division. 

ProL 18. Upon a given line AB, to construct 
an equilateral triangle. 

Upon the points A, and B, with a radius equal 
to A B, describe arches cutting eacli other at C. 
Draw A C and B C, and ABC will be the triangle 
required. 

Prob. 19. To make a ti'iangle, whose sides shall 
be equal to three given lines, D, E, V, any two of 
them being greater than the third. 

Draw A B equal to the line D. Upon A, with 
the radius F, describe an arc C D. Upon B, with 
the radius K, describe another arc intersecting the 
former at C. Draw A C and C B, and A B C will 
be the triangle required. 

Prob. SO. To make a trapezium equal and simi- 
lar to a given trapezium A B C D. 

Divide the given trapezium A BCD into two 
triangles by the diagonal D B. Make E F equal 
to A B i upon E F construct the triangle E F H, 
whose sides shall be respectively equal to those of 
the triangle A B D by the last problem. Upon 
H F, which is equal to D B, construct tite triangle 
HFG, whose sides are respectively equal to DBC; 
then EFGH will be the trapezium required. 

By tlie help of this problem any plan may be 
fwpied ; as every figure, howe\'er irregular, may 
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be divided into triangles. Upon this the pracliw 
of l;ind-siirveying and making plans of estates b 
founded. 

Prol). 21. To m^e a square equal to two gira^ 
squares. Make the sides U E and D F of the t*»| 
given squares A and B; from the sides of a righUi 
angled triangle F D E ; draw the hypothentnft 
FE; on it describe the square E F G H, and it 
will betlie square required. i 

Prob. 22. Two right lines A B, C D, bwB] 
given, to find a third proportional. Make an an^ 
H E X at pleasure ; from E make E F equal tl 
AB, and EG equal to CD: join FG. Maki 
E I equal to E F, and draw H I parallel to F G } 
then E H will be ttie third proportional required; 
that is. E F : E G : : E H : E I, or A B : C D iJ 
C D : E I. ', 

Prob.'iS. Three lines being given, to findl 
fourth proportional. Make the angle H G I at 
pleasure ; from G make G H equal to A B, G I 
equal to (' D, ;ind jniii H I. Make ii K i-'qu;!! to 
E F ; draw K L through K, parallel to H 1 j then 
G L will be the fourth proportional required ; that 
is, G H : G I : : G K 1 G L, or A B: C D : : E F: 
GL. 

Prob. 24-. To divide a given line A B in the 
same proportion as another C D is divided. 

Make any angle K H I, and make H I equal to 
A B ; then apply the several divisions of C D from 
H to K, and join KI. Draw the lines he, ijl kg, 
parallel to I K ^ and the line H I will be divided in 
^>Xt S> ^ *^^ required. 

Prob. 25. Between two given lines A B and C D, 
to find a mean proportional. 

Draw the right line E G, in which make E F 
equal to A B, and F G equal to C D. Bisect E (i 
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in H, and with H £ or H G, as radius^ describe 
the semich'cle £ I G. From F draw F I perpen- 
dicular to £ G, cutthig the circle in I ; and I F 
will be the mean proportional required. 

Prob. 9&. To describe an ellipsis. 

If two pins are fixed at the points £ and F, a 
string put about them, and the ends tied together 
at C ; the point C being moved round, keeping 
the string stretched, will describe an ellipsis. 

The points £ and F, where the pins were fixed, 
are called ihejod. 

The line A B passing through the foci, is called 
the transverse axis. 

The point G bisecting the tranverse axis, is the 
centre of the ellipsis. 

llie line C D crossing this centre at right-angles 
to the tranverse axis, is the coryugate axis. 

The lotus rectum is a right line passing through 
tlie focus at F, at right angles to the transverse 
axis terminated by the curve : this is also called 
the parameter. 

A diameter is any line passing through the 
centre, and terminatai by the curve. 

A corytcgate diameter to another diameter is a 
line drawn through tlie centre, parallel to a tan- 
gent at the extreme of the other diameter, and 
terminated by the curve. 

A double ordinate is a line drawn tlirough any 
diameter parallel to a tangent, at the extreme of 
that diameter terminated by the curve. 

The transverse axis A B, and conjugate axis 
C D, of any ellipsis, being given, to find the two 
foci, and from thence to describe the ellipsis. 

Take the semi-transverse A £, or £ B, and from 
C as a centre, describe an arc cutting A B at F 
and G) these are the foci. Fix pins in these 
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points; a string being stretched about the pointy 
F, C, G, the eUipsis is described as above. 

Prob. 27. The same being given, to describe 
ellipsis by a travanei. 

The trammel is an instrument consisting of twq 
rulers fixed at right-aiiglcs to each other, witli || 
groove in each. A rod with two moveable ni 
works in this groove ; and, by means of a pcin 
fixed in the end of the rod, describes the curves 
The operation is as follows : 

l«t the distance of the lirst pin at B, from Ih^ 
pencil at A, be equal to half tlie shortest axis ; and 
the distance of the second pin at C, from A, t* 
half the longest axis ; the pins being put in the 
grooves, move the pencil at A, which will deschbv 
the ellipsis. 

Frob. 28. To draw a figure apjiroaching to aa 
ellipsis with a compass to any Ifitgtb A B» anA. 
width CD. 

Draw B P parallel and ecgual to E C, and biseet' 
it at 1 J then draw 1 C and P D, cutting each 
other at K ; bisect K C by a perpendicolar, meet- 
ing C D in O i and on O, with the radius O C, de- 
scribe the quadrant C G Q. 

Through Q and A, draw Q G, cutting the qua- 
drant at G} then draw GO, cutting AB atM; 
make E L equal to E M, also E N equal ta £ O. 
From N, through M and L draw N H and N I; 
then M, L, N, O, are the four centres b^r which 
the four quarters of the figure are drawa. 

It must he observed, that this is not a tme el- 
lipBis, but only an approximation to it > fior it is 
impossible to draw a perfect ellipsis by means of 
compasses, which can only describe parts of cir- 
cles. The curve of an ellipsis difiers essentially 
from that of a «'ircle in every part ; and no yos- 
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s of circles put together can ever form an cl- 

Ipsis. But by this means a figure may be drawn, 

hich approaches nearly to an ellipsis, and, there- 

, may be otlen substituted for it when a tram- 

lel cannot be had, or when the ellipsis is too 

'small to be drawn by it. At the joining of the 

portions of circles in this operation, the defect is 

perceivable ; and the best way is not to join them 

quite, and to help the ctuve by hand. 

Prob. 29. An ellipsis, A C U B, being given, to 
find the transverse and conjugate axes. 

Draw any two parallel lines, A B and C D, cut- 
ting the ellipsis at the points A, B, C, D ; bisect 
them in e and J^ Through e and J", draw G H, 
cutting the ellipsis at G and H ; bisect G H at I } 
and it will give the centre. 

Upon I, with any radius, describe a circle, cut- 
ting the ellipsis in the four points k, I, m, n ;join 
k, I, and m, n ; bisect kl, oi- m h, rt o or p. 
Tlirough the points o, I, or I, p, draw Q R, cut- 
ting the ellipsis at Q and R ; then Q R will be the 
transverse axis. Through I draw T S, parallel to 
kl, cutting the ellipsis at T and S; and TS will 
be the conjugate axis. 

Prob. SO. To describe an elHpsis similar to a 
given one A D B C, to any j^iven length I K, or to 
a given width M L. 

Let A B and C D be the two axes of the given 
I ellipsis. Through the points of contact A,D, B,C, 
nplete the rectangle G E H F j draw the dia- 
[Dnals E F and G H : they will pass through the 
Mitre at R. Through I an J K draw PN and 
)Q parallel to C U, cutting the diagonals EF 
md GH. at P, N, Q, (>. Join PO and N Q, 
Utting C D at L and M j then 1 K is the trans- 
rwrsc, and M L the conjugate axis of an ellipsis, 
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that will be similar to the given elUpsis A DBC, 
which may be described by some of tJie foregoing 
methods, 

Prob. 31. To describe a parabola. If a thread 
equal in length to B C, be fixed at C, the end oC 
a square ABC, and the other end be fixed at Fjj 
and if the side A B of the square be moved along 
the line A D ; and if the point E be always kept 
close to the edge B C of the square, keeping thff 
string tight, the point or pin E will describes 
curve E G 1 H, called a parabola. 

The focus of the parabola is the fixed point P, 
about which the string revolves. 

The directrix is the line A D, which the aide of 
the square moves along. 

The asis is the line L K, drawn througl\ the 
focus F, perpendicular to the directrix. 

The vertex is the point I, where the line 1. K cutu, 
the curve. ' 

The latus recttan, or parameter, is the line G fl' 
passing through the focus F, at right-angles to the 
axis I K, and terminated by the curve. 

The diatneter is any line M N, drawn parallel to 
the axis I K. 

A double ordinate is a right line R S, drawn pa- 
rallel to a tangent at M, the extreme of the dia- 
meter M N, terminated by the curve. 

The abscissa is that part of a diameter cont^ed 
between the curve and its ordinate, as M N. 

Prob. 32. To describe a parabola, by finding 
points in the curve ; the axis A B, or any diameter 
being given, and a double ordinate C D. 

Through A draw E F parallel to C D ; through 
C and D draw D F and C E parallel to A B, cut- 
ting E F at E and F. Divide B C and B D, each 
into any number of equal parts, as fourj likewise 



OEOMETRY. . 873 

divide C E and D F into the same number of equal 
parts. Through the points 1, 2, S, &c. in C D, 
draw the lines 1 a, 2 6, 3 c, &c. parallel to A B ; also 
through the points 1, 2, S, in C E and D F, draw 
the lines 1 A, S A, 3 A, cutting the parallel lines 
at the points ^ 6» c ; then the points a, 6, c, are in 
the curve of the parabola. 

Prob. SS. To describe an hyperbola. 

If B and C are two fixed points, and a rule 
AB be made moveable about the point B, a 
string ADC being tied to the other end of the 
ruler, and to the point C ; and if the point A be 
moved round the centre B, towards 6, the angle 
D of the string A D C, by keeping it always tight 
and close to the edge of the rule A B, will describe 
a curve D H G, called an hyperbola. 

If the end of the ruler at B were made moveable 
about the point C, the string being tied from the 
end of the ruler A to B, and a curve being de- 
scribed after the same manner, b called an oppo^ 
site hyperbola. 

The^^Krt are the two points B and C, about 
which the ruler and string revolves. 

The transverse axis is the line I H, terminated 
by the two curves passing through the foci, if con« 
tinned. 

The centre is the point M, in the middle of the 
transverse axis I H. 

The conjugate axis is the line N O, passing 
through the centre M, and terminated by a circle 
fix>m H, whose radius is M C, at N and O. 

A diameter is any line V W, drawn through the 
centre M, and terminated by the opposite curves. 

A conjugate diameter to another^ is a line drawn 
through the centre, parallel to a tangent with 

B B 3 
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eitlter of tiie curves, at the extreme of tliu other 
diameter terminatal by the curves. 

Abscissa is when any diameter U continued 
within the curve, terminated by a double ordiuate 
and the curve ; then the part witliin is called tbs 
abscissa. 

Double ordiniite is a Hne drawn through any di^ 
meter parallel to its conjugate, and terminated bj^ 
the curve. 

Parameter, or latus reclttm, is a line draiiV||^ 
through the focus, perpendicular to the iransvenp' 
axis, and terminated by the curve. 

Prob. 34i. To describe an hyperbola by finding 
points in the curve, having tiie diameter or axis 
A B, its abscissa B G, and double ordinate D C. . 

Through G draw E F, parallel to C D ; from C 
and D draw C E and D F, parallel to B G, cut- 
ting E F in E and F. Divide C B and B D, eacfc 
into any number of equal parts, as four ; tJiroug|i 
the points of division, I, 2, 3, draw lines to A. 
Likewise divide E C and D F into the same num- 
ber of equal jmrts, viz. tour ; from tlie divmons 
on C E and D F, draw lifles to G ; a curve being 
drawn through the intersections at G, a* b, &c. 
will be the hyperbola required. 



PERSPECTIVE. 

Perspective is the art of drawing upon a plaae 
surface the outlines of objects, so as to give the 
same representations to the eye that the objects 
themselves do in nature. 

This art is of the utmost importance in drswiog, 
and its study cannot be dispensed with by those 
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who wish to make any proficiency in this art 
Some knowledge of it ought to be acquired, 
previous to the study of every branch of drawing, 
whether that of the figure, landscape, flowers^ &c. ; 
for though its utiUty may not appear equally evi- 
dent in all these, yet there are many cases in each, 
where it is of indispensable necessity ; and an ac- 
quaintapce with it will save the student the trouble 
of much wrong thinking, and will enable him to 
avoid many errors which he otherwise must neces- 
sarily fall into* 

It is true, that many people learn to draw without 
studying perspective, and too many of those whose 
profession it is to teach this useful branch of edu- 
cation, do not sufficiently recommend to their 
pupils to learn the principles of this science. The 
reason of this it is not difficult to point out. The 
study of perspective, like that of geometry, has in 
itself but few charms, and it is only by being well 
convinced, that without it we can never hope to 
arrive at excellence, and by experiencing how 
much it accelerates and assists us in our practice 
of drawing^ that we can vfith patience and resolu- 
tion go through studies that certainly appear 'to 
most people dry and unentertaining. Unfortu- 
nately, from this circumstance, and from the ab- 
struse and obscure manner in which it . is treated 
off by the generality of writers on the subject, few 
will take the trouble of making themselves ac- 
quainted with a science so necessary. 

But though the understanding per^ctive 
tk4Mroiughfy^ certainly does require considerable 
geometrical knowledge, added to great patience 
and persevering investigation, yet so much as would 
enable those who draw to avoid making any very 
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glaring blimilers, and render their study of drawii^ 
much more pleasant and easy, is so far from being 
difficult, that it is astonishing any one should hesi* 
tate a moment about acquiring it. 

•Some part of the blame may, however, be fairij' 
laid to the want of a treatise on perspective., of 
an easy and popular kind, such* as might suit tin 
who liave had no opportunities of acquiring a< 
knowledge of geometry. It would be in vain to 
endeavour to supply this deficiency properiy in a 
work of so limited a nature, and which embraces 
so many subjects as the present ; yet though our 
plan will not permit us to treat of it so fully as it 
deserves, we shall lay down, as concisely as pos- 
sible, a few of its principal rules, the untlerstODd. 
ing of which wilt be found useful to bt^nners itr 
the art of drawing. 

Expknatioji of the principal Temii used m 
PersjKctivc. 

The perspective plane is the surface of the pic- 
ture itseU; which may be imagined to be a plane of 
glass placed upright between the spectator and 
the objects to be drawn. Then, if lines or rays be 
supposed to come from every part of the objects to 
the spectator's eye, when viewing them through 
the glass, they would cut the plane in certain 
points ; and if these points were connected by 
lines, tliey would give the perspective represent- 
ation. It is upon this simple idea that all the 
rules of perspective are founded : they are so 
many methods of finding out the above-mentioned 
points ; and when the light, shadow, and colour, 
are added, the whole constitutes a picture exactly 
resembling the original. 



i 



PERSPECTIVE. 377 

Visual rays are the rays of light which come 
from the different parts of the objects to our eyes. 

Point qf siglU is the spectator's eye. This has 
been erroneously confounded with the centre of 
the picture^ as will be seen afterwards. 

What is called an original line^ is any line in 
Nature, or in the objects themselves, which are to 
be drawn in perspective. 

An original plane is any surface or plane of the 
objects to be represented. 

If we suppose a line to proceed from the eye, 
parallel to any line in the objects we are viewing, 
and to continue till it arrive at the picture or 
perspective plane, the point where it would touch 
the plane is called the vanishing point of the line* 

All lines that are in Nature parallel to each 
other have the same vanishing points. The reason 
of this will be easily seen, if the reader considers 
the method of finding the vanishing point of an 
original line just mentioned; for the same line- 
which would find the vanishing point of one, will 
do for them all, and form only one point 

If we could suppose a plane or surface to pro- 
ceed from the eye of the spectator, in a direction 
parallel to any side of an object which we view 
through the plane of glass, and if it continue till 
it arrive at the glass, the line which it would form 
by contact with the glass, is called a vanishing line ; 
and it is the vanishing line of the side of the 
object which the supposed plane was parallel to. 

In every picture or perspective plane^ there is a 
point, where a line drawn from the eye perpen- 
dicular to the picture, would touch it ; this point 
is called the centre qf the picture^ and is the same 
which is often called in old books on perspective, 
the point of sight. But this is a wrong term for it; 
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tliL- poini, «l sight, strictly spealiing, being in I 
s|)cctator's eye, and consequently, not any point 
the picture. Although, from its name, we shoul 
expect to find it always in the middle oi' the repi 
sentatioii, yet this is by no means the case, I 
sometimes it is near one of the sides, particularly: 
what is called parallel perspective ; though gen 
rally in oblique perspective, it is in the middle < 
the picture. And here it should be observed, thaU 
strictly and properly, it should always be in 
middle of the picture, when circumstances of con- 
venience will admit of it ; tor it is that point which; 
the spectator is supposed to look full against, or 
which is exactly opposite to his eye when he viewij 
a picture, and surely tlie best way to see a piclunU 
is to look directly against the middle of it How^ 
ever, in many kinds of perspective drawings, it lit 
not convenient, on account of room, to have tb^ 
point it] the middle, as may easily be imagined bp 
considering Plate €. Fig. 1., where G is the centre ^ 
of the picture. 

It will be easily conceived, from the description 
of vanisliing points, and the centre of the picture, 
that this last must be the vanishing point of alt lines 
that are in Nature perpendicular to the picture. 

If a plane be supposed to proceed from the eye, 
as before, parallel to the floor or level ground till 
it arrives at the picture, the line where it meets it 
is called the vanishing line of the horizon, or hori- 
zontal line. This tine is of great importance in 
perspective : the centre of the picture is always 
somewhere in this line. Its height is necessarily 
regulated by the height of the eye from the 
ground ; in landscape.s and views of places, it is 
generally ke|)t one-third of the height of the pic- 
ture from tilt! bottom, though this rule is not 
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always adhered to; for when we stand upon high 
ground, the horizontal line rises in proportion. 
8up|)ose the view to be taken on level ground, the 
head of a man represented standing on the ground, 
would come to this line, and that whether the 
man be near or far off; that is, wherever his feet 
are, liis head must always come to the horizontal 
line, if he be standing upright on the ground. 

Distance qf the picture means the supposed dis- 
tance of the eye from the centre of tlie perspective 
plane or picture. 

This distance may be chosen at pleasure ; but 
a judicious choice of it is very important, for the 
variation of this distance affects every perspective 
representation, so as to render them either pleasing 
or distorted. Long distances, in general, give the 
best representation ; but they are not always con- 
venient, or to be attained* Experience alone can 
direct a proper medium. 

Parallel perspective is where the picture is supr 
posed to be so situated, as to be parallel to the 
side of the principal object in the picture, as k 
building, for instance. Then the lines on those 
sides of the building that are parallel to each other 
continue parallel on the picture, and do not vanish 
into any point ; while the lines at right angles to 
the former vanish into the centre of the picture. 
This will be exemplified in Plate 6. Fig. 1. 

The picture being supposed to stand parallel to 
the side of the house A B C D, the lines A B, D C, 
which in Nature are parallel to each other, must 
be made parallel in the perspective representation. 
But the lines BE, C F, which in Nature are at 
right angles to A B, and D C, and, consequently, 
also to the picture, tend towards a point ; and this 
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point G, towards which they tend, 
the picture. 

Oblique perspective is when the plane of the 
ture is supposed to stand oblique to the 8ii" 
the objects represented ; in which case the i 
sentationsof'the lines upon those sides will 
parallel among themselves, hut will tend towj 
their vanisliing point. This kind of perspecti 
shown in Plate 7- Fig. 1 . 

A bird's-eye view is a view supposed to be taki _ 
in the air, looking down upon the object; ana' 
differs from the usual way ol' drawing perspective 
views, only in supposing the horizontal line to be 
raised much higher. 

When an object is to be drawn in perspective 
all its parts must be measured, so that we may be 
able to lay them down from a scale of equal parts. 

Having determined whether it is to be parallel-' 
or oblique perspective, the first thing to be drawOj 
is the horizontal line, which is to be put parallel to 
tiie bottom of the drawing, and as higli above it 
as the height of a man's head, as H G, Plate 6. 
Fig. 1., which is five feet six inches above the bot- 
- torn of the house. Next determine on the centre 
of the picture G, which must be placed so as to 
leave convenient room for the representation. Fix 
on C the nearest corner of the object, and draw the 
perpendicular C B : lay off C D equal to the length 
of Uie building, and draw D A and A B. From C, 
the nearest corner, draw C G, to tlie centre of the 
picture. C G now contains the line which repre- 
sents the bottom of the end of the house ^ but this 
is an ind^nite representation, of which we do not 
yet know the exact length. The method of deter- 
mining this is as follows: Continue the lineDCtol, 
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ami make C I equal to the width of the house. 
From G, the centre of the picture, lay oft" G K 
equal to the distance of the picture, the choosing 
of which must be regulated by taste. Draw I K, 
cutting C G in F ; then is C F the exact width of 
the house in perspective, which was equal to CI. 
To find the middle of this end of the house, you 
cannot divide it by your compasses, because the 
farthest half will appear less tfian the nearer; but 
if yon divide C I into two equal parts in L, and 
draw L K, it will cut C F into two equal parts per- 
speclivety. Or it may be found more simply thus : 
Having drawn the lines B E and C F to the centre 
of the picture, draw the diagonals E C, B F cross- 
Mng each other in M, and raise the perpendicular 
I M N, which is in the middle of the gable-end. 

To find the height of the gable, lay its actual 
I'jheight above B E, upon the corner line BC con- 
tinued, as B O, aiul draw O G ; this crossing the 
^crjiendicular M N, gives N the point of the gable. 
The top of the chimney must be drawn in the same 
lanner, by laying its real height, taken from n 
IjKale on O I*, and drawing PG, lay off hm and 
Idj7i, each equal to half the width, and draw from 
hese points to the distance point k; this will cut 
ftlihc bottom of the house C F, in the points o and p; 
■cm these draw perpendiculars, which will ^ve 
UlP perspective width of the chimney. To obtain ita 
hickncss, lay off PQ equal to its thickness, and 
i- QG ; then drawing from a the line a 6, you 
ibtain the exact width of the chimney. From A 
f b c, and from d draw d c. The other end of 
he gable may bi* drawn by two different methods. 
~ ' first is by supposing the front of the house 
■ansparcnt, and drawing the other end as if seen 
hrough it, in the same manner as the end we have 
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describetl, I>y laying its width from D to R, at 
drawing to tlie distance-point K. By raising tl 
perpendicular in the middle, you will meet tkl 
ridge-line from the other gable in d. The oth* 
method is as follows : Through the centre of tJlJI 
picture G draw the line S T, upwarils, and do^ 
wards, and perpendicular to the horizontal Hi 
Then continue the line of the roof B rf till 
S T in S. From A di'aw A S, whirli will j^ve tl 
other gable, and S will be the vanishing point ii 
all lines parallel to Bd and A i:^; if N K be conl 
nued in like manner, it will give T for ita vanisii^ 
ing point. The doors and windows on the sidfr 
A B C D are laid down from a scale, because thai 
side, being parallel to the picture, does not vaij 
from its geometrical delineation, except shewiiw 
the thickness of the reveals, or edges of the doon 
and windows. Jf there had been any wiodows 
the side B E F C, tliey would be drawn in perspec 
Uve by the same method that was used for finding 
the width of the house and the middle of Ihc tiid; 
viz. by laying oflFthe actual dimensions fi"om C upon 
C I, and drawing from these points to the Stance- 
point K, which would transfer these divisions to 
the bottom of the house CF, and then perpendicu- 
lars might be drawn upwards. 

This practice is farther explained by the follow* 
ing rule. 

To divide a line in perspective which is para&el 
to the horizon, and which tends to a vamshing 
point, into any number of equal parts; or to divide 
it in any required proportion. 

Let A B be the line going to its vanishing-point 
C (Fig 2.); and first let it be required to divide 
that line into six equal parts. Let C D be the hori- 
zontal line, and AE the ground-line drawn parallel 
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to it. Lay oft", at pleasure, CD for the distance of 
the picture, if C be the centre of tiie picture. 
Draw a line from D, touching the entl B of the line 
to he divided: draw DBE, cutting the gruund- 
bne in E. Tlien A E represents the actual dimen- 
sions of the line AB, which is seen in perspective. 
(Here it may be observed, that this gives a nile 
also ibr finding the real length of any line which 
tends to a vanishing-point.) Divide AE into the 
same number of equal parts into which you pro- 
posed to divide the given line AB; as Al, W, ^ 
&c. Then from these different divisions draw lines 
to D, cutting the line AB in a, b, c, rf, &c., which 
will represent the required number of equal porta, 
but diminishing in size as they are farther removed 
from the eye. If it be wished to divide the line 
AB into any number of unequal parts, or to lay oil' 
cjoors, windows, &c. upon it, the Une AE, found as 
before, must be divided in the requiied proportion ; 
and lines drawn Irom those to D will give the re. 
quired divisions on AB, from which perpendiculars 
may be drawn for the doors, -windows, &c. 

To draw a circle in perspective. 

The perspective representation of every circle is 
a regular elUpsis, when the eye is without the 
circle, which may be demonstrated, by considering 
that the rays trom the circumference of the circle 
to the eye, form an oblique cone. But it is well 
known to tliose who are acquainted with conic sec- 
tions, that every section of a cone, whether right 
or oblique is a true ellipsis, except in one case only, 
which is, when the section is token sub-contrary to 
its base, a situation which happens so rarely in 
drawings, that it may be disregarded altogether, 
and the section of a cone, or the perspeciive of a 
circle, in all caws considered as a perfect rllipsis. 
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The most correct and easy methoil of drawing an 
ellipsis is to find the transverse and conjugate 
axes, and then to complete the curve by a trammel, 
or by hand. But as it is very difficult to find die 
transverse and conjugate axes of the ellipses which 
arc the perspective representations of circles, re- 
course is generally had to another method of 
obtaining the curve. The circle is circumscribi 
by a square, as K L M N, in Fig. 3., and the i*" 
gonals and the lines across the centre, and pan 
lei to the sides, arc drawn; also the lines, . 
cd, are drawn parallel to the sides, tlirough th^ 
points where the circle is cut by the diagonal 
This square, with all these lines drawn across it, if> 
now put in perspective as follows : Draw A B fin _ 
the horizontal line, and fix B for the centre of the 
picture, and A B for the distance of the picture. 
Make D C equal to the width of the square, and 
draw C B, DB ; draw C A to the distance-point A, 
cutting ofFDG equal to the depth of the square; 
then draw G F, parallel to D C, which cojnplctos 
the perspective of the square ; also draw the diago- 
nal D F. Take now the distances M ti, c N ; and 
transfer them to D x, o C ; from these points x and 
o draw lines to the vanishing point B, cutting the 
diagonals of the square. The points in this reticu- 
lated square in perspective, which correspond to 
those in the square KLMN, where the circle 
passes through, must now be observed, and a curve 
traced through them with a steady hand : it wUI 
be the perspective required. Even in this process, 
it is of considerable use to know that the curve you 
are tracing is a regular ellipsis ; for thoiigii you can- 
not easily ascertain the axes exactly^ yet you may 
very nearly ; auil the eye very soon discovers 
whether the curve which lias been drawn, be that 
of a regular ellipsis or not. 
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Upon the same priaciple the row of- arches 
(Fig. 4>.) 19 drawn. The width of the arches and 
piers is obtained in the same manner as was shown 
in Fig. 2. i viz. by laying their dimensions upon the 
ground-line A B, and drawing Unes to the dis- 
tance-point. The curves of tiie arches are then 
found, by drawing the Hnes wliich correspond to 
those in half the square, Fig. 3., iu the same man- 
ner as described above for the circle. 

Fig.5. shows the appearance of circles drawn upon 
a cylinder, when H I is the horizontal line. The 
circle drawn on the cylinder at that place is seen 
exactly edgeways, and appears only as a straight 
line} that next above it is seen a little under- 
neath; the next still more; and so on, as they 
rise higher, appearing^ike so many ellipses of the 
same transverse diameter, but whose conjugate 
diameters continually increase in length as they 
rise above tlie horizontii line. On the contrary, 
you see the under sides of the circles drawn below 
the horizontal lines; but they observe the same 
law, being so many ellipses whose conjugate dia- 
meters vary in the same pio])ortion. A little re- 
flection on this simple example will enable those 
who draw to avoid many ridiculous mistakes which 
are sometimes committed, such as showing the two 
ends of a cask, or the top and bottom of a cylinder, 
at the same time. 

PI. 7. Kg. 1. shows the method of drawing a 
building, oi' other object, in oblique perspective. 
A B is the horizontal line, ami C D the ground.line 
parallel to it as before. Here neither of the sidcH 
of the house is parallel to the picture, but each 
goes to its respective vanishing point. Having 
tixed on the nearest corner E, draw KB, at plea* 
sure, for one side, and choose any point V foi- the 
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11 i-enti-e of tire picture; then, to find tlie otlier sidu 

' lay oft' F G equal to the distance «J" the ptcttMCv^ 

wbici), as beibre, depentls upon taste uiily > dniw 
BG and G A perpendicular to BG, cutting the 
horizontal bne in A, the other vani3hii>g poiob ' 
Draw now £ A for the other side. To cut off tbo' 
several widths of the two sides of the house, whkk 
as yet are mily drawn to an indefinite extent, twj 
distance-points mti»t be liiid down, viz. one for eadi 
vanisliin^ point. To do this, extend the compi(i 
from B to- G, and lay the distance taken in it IraoM 
B to H, which wiU give H for the dtstance-point oM 
B, and which is to cut off all the divisions on Ulfr' 
side E B. Also exteini the compasses from A (j^ 
and lay down A I. I is the distance-poiHt of A( 
and is used ibx truusferriug all divisions upon tb| 
»ide £ A, from the grouud-line C H. These poiolli 
and lines being adjusted, the process is itot muci 

Filifferent from parallel perspective ; only here, equal 
divisions on each aide of the bnildinjj, as doors, win- 
dows, diminish as they recede, in the same way as 
on the side B E F C, Pi. 6. Fig. 1 . Take the real 
length of the side £ L,, from tlie same scale used for 
laying down the horizontal line, and lay it down on 
the ground-line from £ to C, and draw C I, cutting 
off K L for the perspective length of the building. 
For the other side of the house, lay its width down 
in the same manner, from E to D, and draw D H, 
cutting off £ N for the perspective width. Raise 
tlie perpendiculars E M, L K, and N O, for the 
three angles of the house. Lay the height of the 
building upon the comer that comes to the grcHind- 
tine, as EM, and draw MK and M O to their severd 
vanisliing points. Also lay all the heights of the 
doors and windows, and other divisons, upon £ H, 
and draw them to the vanishing points A and B. 
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To lay down the widths of the doors and windows, 
put their actual widths upon C £, and draw from 
them to the distance-point I, which cuts off all 
divisions upon the side L £, and then raise the per- 
pendiculars. The gable-end is found exactly in 
the same manner as was described in PI. 6. only 
taking care to use the proper distance-point H. 
The manner of finding the width of the chimney is 
different Lay oSba for the height of the chimney 
above the top of the gable, and draw a c parallel to 
the horizontal line ; then put a c equal to the actual 
thickness of the chimney, and draw ad- to the 
vanishing point A ; draw also c ^ to the distance- 
point I, cutting off a ^ in ^ : then having drawn ef 
from the nearest comer of the chimney, which 
was found as in PL 6. Fig. 1. Draw ^y* to the 
vanishing point B, cutting off effov the exact per- 
spective width. 

Fig. 2. represents the method of finding the per- 
spective of a circle in oblique perspective. AB is 
the horizontal line, C the centre of the picture, and 
D, £, the distance-points. Tlie process is exactly 
the same as that just described, the several divi- 
sions of the reticulated square in PI. 6. Fig. 3. 
being laid npon the ground-line FG, and from these 
lines are drawn to the distance-points. The per- 
spective of the square is then drawn with all the 
lines across it, and the curve traced through the 
different points. 

By drawing these examples frequently over, to 
large scale, and reflecting upon them with atten- 
tion, the student will become familiar with their 
use; and as they include the cases which most fre- 
quently occur, he will find great benefit from the 
knowledge of them. 
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The study of the human figure has alwa^rs bceo 
considered by artists as tlie most important part of 
the art. It is the most difficult, and is by many 
considered as ccmtributing the most oi' auy to 
general improvement ; though there are some who 
carry this idea to too great an extent, saying, that 
A person who can draw the human figure well can 
draw every thing besides. But this, it is well 
known, is not the case ; there being many artists 
who can draw the figure very well who cannot 
draw landscape nor architecture. To draw any 
thing well requires a particular study. The study 
«f the figure, however, include^ all the finest prii^ 
ciplea of the art j and when the eye of the student 
has been accustomed to copy faithfully all the mi- 
nute circumstances which constitute the character 
of a figure, and to attend to the innumerable bean< 
ties and graceful ibrma which it presents, he will 
be better qualified to pursue with advantage every 
other branch of the fine arts. 

In learning to draw the human figure, it is ne- 
cessary to begin with each of the parts separately. 
and after sufficient practice in that way, to proceed 
to put them together in the complete figure. 

The head being the most important part of the 
human body, it should be studied first. For this 
purpose, the student should copy the beat drawings 
he can procure of the e^e, mouth, nose, and ear, 
•eparately and on a large scale ; and of these, a 
iront view, profile or side view, oblique view, Stc 

The best materials for drawing these, as well as 
all other parts of the figure, is black chalk, or black 
lead ; the former may be used either upon white 



papei-, or upon tniddle-tint paper ; and in that casi>, 
white chalk may be used for laying on the Hghts. 
jBlack lead is only used upon white paper. A 
piece of soil charcoal may be made use of for first 
idightly sketching in the general form, which must 
afterwards be gone over and corrected with the 
black chalk. The false lines of the black lead may 
be removed by the Indian loibber ; but we would 
(ecommcnd to be as sparing as possible of this, as it 

more improving to endeavour to draw every 
thing correct and decided at once, and not trust 
to the being able to erase the lines which are 
Vrrong. 

The shadows may be laid on by drawing parallel 
curve lines, according to the situation of the part, 
crossing them occasionally, and softening them in 
with more delicate lines, where necessary. 

All the parts of a human figure are composed of 
■curved surfaces ; no sti'aight lines are ever admis- 
tible } but every line nhuuld have a graceful turn { 
and it is this circumstance particularly that Deca- 
gons the study of the figure to give so much 
freedom in drawing. 

Care should be taken, that no lines ever cross 
each other at right angles, which gives a disagree- 
able net-like appearance ; neither should the cross- 
ings be too oblique, as then they are confused : a 
proper medium will be acquired by the study of 
good drawings or prints j in general, however, 
.crossing should be avoided as much as possible. 

Sometimes the shadows are rubbed in, or their 
edges are softened with a slump, which is a very 
expeditious way, and produces a fine effect j but It 
^ould be used with discretion, as it is better to 
execute the shadows in a clear and regular manner 
by solt lines. 

c c 3 
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Care sliould be taken not to make the line* harsh 
aud hard, like those of an engraving ; they should 
be softer and more mellow. On this account, 
drawings are much better to learn from than 
prints; as, by copying the latter, tlie studenf 
very apt to acquire a dry and liard manner. 

But we particularly caution him to avoid a 
ing with a pen all the lines in engravings used 
the shadows, which some, who have not been 
customed to see good drawings, are apt to do. 

Many productions of this kind have been ax6- 
cuted with an immensity of labour, and have been 
thought very fine by those who had but Viltle 
koowledge of the art ; yet artists, and those who 
are good judges, always lament to see so much^ 
patience and labour misapplied. 

In copper-plate engravings, shadows are g« 
rally produced by lines : but this arises from 
nature of the process ; and in drawing, which is of 
a very different nature, there is not the same ne- 
cessity for them. In general it should be ob- 
served, that the less labour there appears in any 
drawing the better ; and that though every posra- 
ble pains should be taken to make drawings ot 
paintings excellent, yet this labour should be al- 
ways disguised as much as possible, and the whole 
should appear as if executed with the greatest ease. 

" In learning to draw, it is of more importance 
than is generally supposed, to copy from the 
finest works only. The most prejudicial quality 
of a model is mediocrity. The bad strike and dis- 
gust ; but tliose that are not good, nor absolutely 
bad, deceive us by offering a dangerous facility. 
It is for this reason that engraving contributes to 
the progress of the arts, when it is employed on 
subjects that are judiciously chosen; but is too 
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often prejudicial, by the indiflferent works it multi- 
plies without number. But let Raphael be copied 
by skilful engravers, let a young artist profit by 
his labours, and works without dignity and Ex- 
pression will soon become intolerable to him ; he 
will perceive to what an elevation the excellence 
of the art can raise him. 

<« The way to avoid mediocrity, is by the study 
and imitation of beautiful productions; or, in 
want of them, of the most finished translations that 
have been made from them ; for so we may call 
beautiful prints. Let a young draughtsman study 
the heads of Raphael, and he will not see without 
disgust the sorcUd figures of indifferent painters. 
But if you feed him with insipid substances, he 
will soon lose the taste necessary to relish great 
excellencies. In the one case he will advance 
firmly in his career: in the other he will conti- 
nually totter, and even not be sensible of his own 
weakness." 

Having copied frequently the parts of a face, he 
is next to proceed to the entire head ; drawing 
first a front view, then a profile, a three-quartec, 
and so on ; vaiying it in every possible direction, 
till he is thoroughly acquainted with the appear- 
ance of all the principal lines in every situi^ion. 
In making these studies, he should be contented at 
first with drawing mere oiMneSf as they are by far 
of the most importance ; and it should be remem- 
bered in general, that to make a good ouiUne is 
always the most desirable attainment. 

The student should now accompany his lessons 
by making observations on good casts and living 
models; but more particularly the former, as indi- 
vidual nature is seldom fine, and there b danger of 
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copying^ wliat is bad, and acquirii^ false ideas of 
beauty. 

By tliese exercises he will have acquired Ewme 
facility in handling his pencil, and he will be thus 
prepared for the study of tlie whole figure. Jiui 
before he can proceed to tliis with ndi-antagc, 
we would recommend to him the study of 
anatomy- 
All artist who Is not acquainted with the form 
and construction of the several hones which sup- 
port and govern the human frame, and does not 
know in what manner the muscles uiovtog those 
bones are fixed to them, can make nothing of 
what appears of them through the integuments 
with which they are covered ; and which appear- 
ance is, however, the noblest object of the pencil. 
It is unpossihle for an artist to copy foitiifully 
what he sees, unless he thoroughly understands it. 
I^t Iiim employ ever so much time and study in 
the attempt, it cannot but be attended with many 
and great mistakes ; just as it must happeo to a 
man who undertakes to copy something in a lan- 
guage which he does not understand, or to trans- 
late into his own what has been written in another, 
on a subject with which he is not acquainted. 

But it is not necessary for him to study anatomy 
as a surgeon, nor to make himself acquainted with 
all the nerves, veins, &c. It is sufficient to study 
the skeleton, and the muscles which cover them, 
and of these, he should most particularly make 
himself familiar with those muscles which most 
frequently appear and come into action. 

For this purpose, he should procure plaster faata 
of the anatomy of the human body, and consuh 
trcatises written upon the subject; aud if he have 
19 
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opportunity, it will be proper afterwards to attend 
discussions and lectures on anatomy. 

He should also use every possible opportunitv of 
making observations on tlie actions of the muscles 
in nature. 

Being thus thoroughly prepared, he will be en- 
iibled to draw the human figure with great advan- 
tage, and he will make a more rapid progress than 
he could have done without these previous studies. 
Stfvnneiry, or pi'oportiofi, will bt; best learned by 
copying after the antique statues, of which plaster 
casts may be easily procured. Nature, which in 
the formation of every species seems to have aimed 
at the lafit degree of perfection, docs not appear to 
have been equally solicitous in the production of 
individuals. Parts of individuitls are frequently a.s 
beautiful as possible, but a complete w!iole is never 
to be mot with. 

The practice of the ancient Greek Ktatuaries 
F«Bs to select from various individuals the niOKt 
nutiful parts, and by combining them to pro- 
bee figures more perfectly beautiful than nature 
Ver presented. 
■^ Till the student has thus imbibed a proper relish 
r beautiful proportions, and been well grounded 
I their principles, he should not proceed to draw 
■om living models. 

In drawing from plaster casts, a good deal de- 
Ikends upon choosing a proper view, and placing the 
model properly with regard to the light, whidi 
should always come in ol)liquely from above, as it 
generally does in the daytime. If a candle be used, 
it should be so high as to cast the light downwards 
upon the model. The light should only come 
from one part, a> cross lights will distract and 
spoil tile shadows. 
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Ai'lGv the Student lias with indefatigable labour 
and persevering zeal gone through all Uiese studies. 
and acquired a facility of drawing the human figure 
in every possible situation, and under every vitietj 
of tbnu and circumstance, a great deal remains fof 
him still to do, before he can be considered as an 
artist. He has as yet conquered only the raocJiaiH- 
cat difBcultics; hut his mind must be cultivated, 
aiHl he has all the higher and more refined parts of 
\m art to study. 

It is the business and duty of the iiatunUist ajtd 
historian to draw objects as they find tbero, an<I 
represent them with all those imperfections and 
blemishes to which, as individuals, they are sub- 
ject. But an ideal painter, and such alone is a true 
pountcr, resembles the poet; his creative fancy 
Mnrs above common nature, and he represents 
objects endued with all that perlecUon wtiicU 
belongs to the species, but which is rarely ibund in 
the individual. 

A good choice of subjects Jbr the exercise of his 
pencil is now to be considered, for this purpose, 
he should enrich his mind with a great variety of 
knowledge : historians and poets should be bis con- 
stant companions ; and he should make himself 
acquainted with the customs and manners of an- 
cient as well as modern nations. 

His invention should now be continually exer- 
cised, and free scope should be given to the wildest 
sallies of his imagination, which, however, should 
never exceed the bounds of probability. 

*' It is indisputably evident," says Sir J. Rey- 
nolds, " that a great part of every man's life must 
be employed in collecting materials for the exer- 
cise of genius. Invention, strictly speaking, i> 
little more than a new combination of those imag«s 
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wliich have been previously gathered and deposited 
in the memory. Nothing can come of nothing ; 
he who has laid up no materials, can produce no 
combination. 

" He should study the works of former artists, 
learn what subjects they have painted, and bow 
they have treated tlicm. A student uiiacrpiainted 
with the attempts of former adventurers, is always 
apt to over-rate his own abilities, to mistake the 
most trifling excursions for discoveries of moment, 
and every coast new to him, for a newly-diacovereJ 
country. 

" On whom, however, can he rely, or who shall 
show bim the path that leads to excellence? 'Hie 
answer is obvious: tiiose great masters who have 
travelled the same road with success are the most 
likely to conduct others. The works of those who 
have stood the test of ages, have a claim to that 
respect and veneration to which no modern can 
pretend. The duration and stability of their fame 
is sufficient to evince that it has not been sus- 
pended upon the slender thread of fashion and 
caprice, but bound to the human heart by every 
lie of sympathetic approbation. 

" But though these masters should be studied, 
ihey should not be servilely followed. The stu- 
dent, instead of treading in their footsteps, should 
only keep the same road. Hii should endeavour 
to invent on their principles and way of thinking ; 
he should possess himself with their spirit; he 
should consider how they would treat his subject, 
and should work himself into a belief that they are 
to see and criticise his picture when completed. 
Every attempt of this kind will rouse his powers." 
R Whenever a story is related, every man forms a 
nocture in his mind of the action and the expression 
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of the persona employed. The power of rcpw- 
stinting this mental picture on canvass is what 
call invention in a painter. 

In the conception of this ideal picture, all 
linle circumstances should be contrived iii stidll 
manner, that they shall strike the spectator do 
more than they did himself in his conception 
of the story. Thus there must be a prindpal 
object, which should receive the principal mass 
of light; and though a second and third group 
may be added, and a second and thini mass o{ 
light, yet they should be all kept so subordinate, 
that they do not come in competition witli tlie 
principal. 

In the design or composition of a picture, am- 
pliciti/ ia of tiie first importance. The story should 
be distinctly told, and nothing sliould be introduced 
but what is absolutely necessary. 

Among the most difficult and important of the 
higher branches of the art, is the ejrpresshms tiftke 
jkissions. 

It is not enough for a piunter to delineate the 
most exquisite forms, give them the most graceAd 
attitudes, and compose them well tt^ether } be 
must express by their actions and countenances the 
state of their minds ; they must appear to feel and 
to think. 

Many have written, and among the rest the 
iamous Le Brun, on the various changes that, 
according to various passions, happen in the muscles 
of the face. They observe, for example, that in 
fits of anger, the face reddens, the muscles of the 
lips puff out, the eyes sparkle ; and that, on the 
contrary, in fits of melancholy, the eyes grow mo- 
tionless and dead, the face pale, and the lips sink 
in. It may be of service to a painter to read them 
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and such otiier remarks ; but it will be of infiiiitclv 
more service to study them in nature itself, from 
which they have been borrowed, and wlio exhibits 
them in that Uvcly manner which neither tongue 
nor pen can exprese. 

The colouring must be regulated by the same 
general principlea as the composition. GaudinesR 
and glare ought to be studiously avoided, and a 
quietness and simplicity should reign through the 
whole work. In landscapes, distinct and unbroken 
colours, such as green, red, &c. are seldom or e\er 
admissible; the tints should be always varied and 
broken. But in historical subjects frequently, dis- 
tinct colours are employed, but they must be 
placed with respect to each other, so that the effect 
oi'the whole be harmonious. 

The art of disposing the drapery makes a very 
considerable part of the painter's study. To make it 
merely natural is a mechanical operation, to which 
neither genius nor taste are required; whereas, 
it requires the nicest judgment to dispose the dra- 
perj*, so that the folds have an easy communication, 
and gracefully follow each otiier with siicli natural 
negligence, as to look like the effect of chance, and 
at the same time show the figure under it to the 
utmost advantage. 

In tlie higher style of painting, the difference in 
the materials of which the drapery is composed, 
that is, whether it is silk, linen, woollen, £ec. is 
never remarked ; it is simply drapery, and nothing 
more. 

We have now treated, as fully as our limits will 
permit, of the various excellencies necessary to be 
acquircil by an artist. It will be easily perceived* 
that to accomplish all these (Ejects is by do means 
an easy task. 
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In some, an inclination to pursue the artt 
appears at a very early period of lii'e, and it is oftcv 
difficult to ascertain the circumstance which gaft 
tliat pailicular impulse to tlic mind ; though lijcrt 
nttist always be some accidental circumstancet not 
depending uik>u ourselves, that creates in us thifr 
desire. 

When a boy is possessed of good talents, 
haK so strong a passion for the arts, that scarce^ 
any thing can restrain him, there can be Uttle fi 
of his doing well, if suffered to follow the bent ol 
his inclination; but without tliis, nothing sJiouf ~ 
induce him to engage in a profession of so arduoi 
a nature, and which requires such unwearied appli- 
cation. He may learn to draw the correct ouUii 
of buildings, and other regular objects, by the niitt 
of perspccti^'e ; hut the forming fine pictures so » 
to aflect the mind, is an art not reducible to rule;, 
and though much may be taught, yet much 
Mfill ever depend upon the mind of theartist. UereW 
is that the existence of a quality which distin- 
guishes one man from another is so obvious. 
This has been denominated by various appellations, 
none of which are capable of being correctly de- 
fined. It has been called genius, taste, souiy Tiund, 
and a variety of other terms, all of which are inde- 
finite, and prove that we know but little of'our 
own nature. 

It will be foreign to our purpose to enter into any 
discussion on this subject ; but we shall add a pas- 
sage relating to it from the lectures of the late Sir 
Joshua Reynolds: "There is one precept," he 
observes, " in which I shall be opposed only by 
the vain, the ignorant, and the idle. I am not 
afraid that I shall repeat it too often. You must 
have no dependence on your own genius. If you 
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Iiave great talents industry wilHmprove them: it' 
you have moderate abilities, industry will supply 
their deliciency. Nothing is denied to well-directed 
labour; nothing is to be obtained without it. Not 
to enter into metaphysical discussions on the nature 
or essence of genius, I will venture to assert, tliat 
assiduity unabated by difficulties, and a disposition 
eagerly directed to the object of its pursuit, will 
produce effects similar to those which some call 
the result of natural po-wers. Though a man can- 
not at all times, and In all places, paint or draw, 
yet the mind can prepare itself by laying in proper 
materials, at all times and in all places." 

" i cannot help imagining that I see a promis- 
ing young painter, equally vigilant, whether at 
home or abroad, in the streets or in the jicldx. 
Every object that presents itself is to him a lesson. 
He regards all nature with a view to his profession, 
and combines her beauties, or corrects her defects. 
Jle examines the countenances of men under the 
influence of passion, and often catches the most 
pleasing hints from subjects of tiu'bulencc or de- 
formity. Even bad pictures themselves supply 
him with useful documents ; and, as Leonardo da 
Vinci has observed, he improves upon the fanciful 
images tliat are sometimes seen in the fire, or are 
accidently sketched upon a discoloured wall." 
The artist who has his mind thus filled with 
IS, and his hand made expert by practice, works 
with ease and readiness; whilst he who would 
have vou beheve that he is waiting for the inspir- 
ations of genius, is in reality at a loss how to begin, 
and is at last delivered of his monsters with ditK- 

Ity and pain." 

*• What then," exclaims Gcsner, " must be the 
ite of those who do not join an inflexible labour 
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to an habitual meditation? Let the artist wht'' 
despises or neglects these important means mak» 
no pretension to the recompense due to active ai 
sensible minds. There is no repotation for liiid/ 
to whom a taste for his art does not become hi* 
raling passion ; to whom the hours he employs tn 
its cultivation are not the most delicious of hit 
life ; to whom tlie study of it does not constiliifff 
his real existence and his primary happiness ; tft 
whom the society of artists is not, of all others, thtf" 
most pleasing ; to liim whose watchings, or dreatoS' 
in tJie night, are not occupied with the ideas of fiii'l 
art ; who in the morning does not fly with fre;^ 
transport to liis painting-room. But, of all others, 
unhappy is he who descends to flatter tiie corrupt 
taste of the age in which he lives, who delight* 
himself with applauded trifles, who douft not labour 
for true glory, and the admiration of posterity: J 
Never will he be admired by it ; hts name will'H 
never be repeated ; his works will never fire th&^ 
imagination, nor toiicli tlie heiirts of tho«e fortun- 
ate mortals who cherish the arts, who honour their 
favourites, and search after their works.*' 

Tfie Drawing of Landscapes. 

Every one who wishes to learn to draw land- 
scapes should begin by the study of perspective. 
This will enable him not only to understand and 
draw all the parts of buildings which so frequently 
form a principal feature in views of places, but 
will also give htm true ideas of the method of ex- 
pressing distances, the winding of roads, and a 
variety of particulars that are continually occurring. 

Having made himself master of the principal 
difticulties in perspective, he should next copy 
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some good drawings ; and here it is of great im- 
portance that what he copies Jirst^ should be very 
excellent ; for it is an absurd notion, that' indiffer- 
ent drawings will do to begin with, or to bring the 
hand in, as it is termed; but, it has been justly ob- 
served, the most likely effect these can produce 
will be to put the hand out. 

In choosing drawings to copy for beginners, 
particular attention should be paid to select those 
where the outlines or forms of the objects are dis- 
tinctly and correctly drawn, and not those in 
which a good effect only has been principally aimed 
at The first thing to be studied, is to be able to 
express with the black-lead pencil, decidedly and 
truly, the forms of all sorts of objects ; and till this 
is attained^ no attempt should be made at finished 
drawings or pictures. 

Black-lead is the most useful material for draw- 
ing the outlines of landscapes, which > are best 
executed with this alone, and should not be gone 
over afterwards by the pen, which, except it be 
very judiciously managed, generally gives an ap- 
pearance of hardness. 

Indian ink alone should be used for the shadows 
till the student has advanced very considerably ; 
nor till then should colours of any kind be used. 
Beginners are always desirous of producing pictures 
and making coloured drawings ; but nothing is more 
hurtful than the practising this too eaily. The first 
thing to be learned, is to draw forms coirectly ; next, 
the mode of shadowing objects truly ; then the ge- 
neral light and shadow of a drawing, and with this 
good composition. All this is best learned by 
using black lead, black chalk, white chalk, Indian 
ink, and these separately or combined, according 
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to the taste of the i-tudent ; avoiding colours till 
he has matie considerable progress. 

When colours are employed, they sliould be 
used with great caution and judgment. NoUiiiig 
is so disgusting as to see coloured <Uilwings where 
the reds, greens, and blues, are laid ou in the rooK 
violent manner, without any regard to harraony. 
Those who execute such vUe daubings will say, in 
their defence, that nothing can be greener tliao 
grass, nor bluer than the sky ; but they should 
consider, that nature employs such a multitude of 
little shadows, and such a variety of difiereni tints 
intermixed with her colours, that the harshness of 
the original colour is corrected, and the effect of 
the whole is very different from a raw and distinct 
colour laid upon white paper. Tliough we should 
have recourse to the study of nature, in preference 
to any master, for the study of colouring, yet it 
requires some judgment to know what part of 
nature is to be studied, and what is to be avoitled ; 
for in nature herself, there arc many parts which 
are bad ; and to copy them, would do more harm 
than good. The student in colouring may exa- 
mine, with every possible attention, the colouring 
of old walls, broken and stained by time and the 
weather, old thatch, old tiles, rotten wood ; in 
short, all objects which are covered with moss, 
stains, and tints of various kinds ; there he will find 
all that is most perfect and harmonious in colour- 
ing. Let him copy these with every possible care, 
and avoid as bad all new buildings, new railing, 
and objects which are of a uniform decided colour. 
This has been the practice of all the great masters 
who have excelled in this captivating part of the 
art. In short, afler learning the first principles of 
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drawing, he cannot too soon have f^Ottf^ to ri^- 
ture ; he will obtain from her the materials for ac- 
quiring every species of excellence, in a greater 
degree than from the works of the first masters. 
The study of these, however, will greatly abridge 
his labour, and it ^ould go hand in hand with 
drawing from nature. 

The fewer colours that are used in a drawing, 
the better, as harmony is most easily preserved ; 
and by the mixture of a few, every possible lifit 
may be obtained. 

It was mentioned, when treating on optics, that 
the sun's rays were considered by Sir Isaac Newton 
to be composed of seven primitive colours ; but 
all the vast variety of tints which we see in nature 
may be formed by the mixture of red, blue, and 
yellow, in various proportions. If we had pig- 
ments of these colours perfecUy pure, we should 
have no occasion for more than these tibree ; but 
this is not the case, and therefore we are obliged 
to have recourse to materials of other broken tints. 
The colours that are found to be the most useful in 
drawing landscapes in water-colours, are, lake^ 
i?idigOy Prussian-blue, gamboge^ light red, yellow 
ochre, burnt terra Sienna^ burnt timber, and Cologne 
earth. Some of the other colours may be occasion- 
ally useful, but these are all that are necessary for 
general use. 

The best sort of water-colours are those mixed 
with gum and made up into cakes, as these may be 
used by rubbing upon a tile, in the same manner as 
Indian ink. 

Mechanical Drawing. 

We have given the name wa^henical drawing 
to that sort of delineation whick depeink entirely 
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on geometxical rules, and which is executed by tha 
use of the ruler and compasses : such as the draw- 
ing of plans, elevations and sections of buildings, 
machinery, &c. This species of dravring is of very 
extensive utihty, and is of so easy acquirement 
that it may be learned by every person in the same 
manner as writing. 

For this purpose the geometrical problems should 
first be carefully and neatly drawn, and the hand 
should be accustomed to the use of the compasses 
and drawing-pen. Then the architectural mould- 
ings should be studied, as they occur not oniy in 
buildings, but also in cabinet-work, macliinerj', and 
almost all kinds of implements. 

In this kind of draning the outlines of oh^ecti 
are laid down from actual measurement, by scales 
of equal parts; and the lines are drawn first with 
black lead pencil, and afterwards with ink, by 
means of the steel drawing-pen. The shadows also 
are added in Indian ink, and are drawn by rules 
that are established with mathematical precision. 

OF THE MECHANICAL MEANS FOR COPYING 
DRAWINGS. 

There are various methods by which those who 
are ignorant of the art of drawing may copy veT\ 
accurately the outlines of pictures, prints, anil 
drawings; and these methods are otten useful to 
those who can draw, and to engravei-s, when either 
great expedition or gieat accuracy is required; 
though none of them should ever be used by one 
who is learning to draw. 

Tracing against the Light. 
Hold the drawing you wish to copy against one 
of the panes of the window ; or have a pane oi 
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glass put in a frame, and fitted up like a music- 
stand, with a candle behind it. Lay your paper 
over your drawing, and you will see all the lines of 
the original distinctly through it, by which means 
you can easily trace them with a pen or blackJead 
pencil. 

To make Tracing-Paper. 

Mix together equal parts of oil of turpentine and 
drying-oil, and with a rag rub it evenly over some 
fan, or tissue paper, or any other very thin paper. 
Hang it by to dry for a day or two, and it will be 
fit for use. Lay this over the print or drawing 
you want to copy, and you vdll see every line dis- 
tinctly through, so that you can go over them with 
the black-lead pencil. If you wish to do it in ink, 
you must mix a little ox*s gall with the ink, to 
make the paper take it, which it would not other- 
wise do on account of the oil. 

To make Camp^Faper. 

Take some hard soap, mix it with lamp-black; 
make it into the consistence of a jelly with water; 
with this brush over one side of your paper, and 
let it dry. When you use it, put it between two 
sheets of clean paper, with its black side down- 
wards, and with a pin, or stick with a sharp point, 
draw or write what you please upon the clean 
paper; and where the tracer has touched, there 
will be an impression upon the lowermost sheet of 
paper, as if it had been written or drawn with a 
pen. It may be made of any colour, by mixing 
with the soap black-lead, vermillion, &c, 
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Lay the print or drawing you wish to liavc 
copied, over a sheet of paper, and with a piii yi 
needle prick all the outline over with holes, tiuoual- 
botli the papers. Then take the clean paper with 
the holes made in it, and lay it npon the paper you 
wish to have the design transferred to, and dust it 
over with the powder of charcoal in a small muslin 
bag; the dust will penetrate through the holes, 
and leave a correct copy of the original upon the 
paper. 

This pricked paper will do again for any number 
of copies. This is very uselal for ladies who work 
flowers upon muslin. 

The Method of Enlarging md Conlractin^ 
bi/ Stjuares. 

Divide the sides of your original with a pair of 

compasses into any number of ftjual parts, am! riiJc 
lines across with a biack-iead pencil from side tu 
side, and fi'oiii top to bottom. Then having your 
paper of the size you intenil, divide it into the same 
number of squares, eitlier larger or less, as you 
would enlarge or contract it. Then placing your 
original before you, draw, square by square, the 
several parts, observing to make the part of t!ie 
figure you are drawing fall in the same part of the 
squares in the copy, as it does in your original. 
To prevent mistakes, number the squares botli of* 
tlie original and copy. Tliin method is much used 
hy engravers. 

To prevent the nccessiLy of ruling across the 
original, which in some cases may injure it, take a 
square pane of crown glass, and divide its sides, ami 
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also its top and bottom into equal parts : then from 
eacli division draw Jines across the glass with lamp- 
black ground with gum-water, and you will divide 
tl\e glass into squares. Then lay the glass upon the 
original which you wish to copy, and having drawn 
the same number of squares upon your paper, pro- 
ceed to copy into each square on your paper what 
appears behind each corresponding square of the 
glass. Instead of a glass, an open frame with 
thi*eads stretched across will answer the same 
purpose. 

The Pentagraph. 

The Pentagraph is an instrument by means of 
which one may copy, enlarge, or reduce the out- 
lines of any picture, print, or drawing. They may 
be had at most mathematical instrument-makers, 
and are extremely useful for copying plans, maps, 
and other complicated figures. 
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The effect of tliis kind of painting is very pleas- 
ing, if managed with judgment, particularly in fire 
and moon lights, where brilliancy of light and 
strength of shade are so very desirable. 

The very great expence attending the purchase 
of stained glass, and the risk of keeping it secure 
from accident, almost precludes the use of it in 
ornamenting rooms; but transparencies form a sub- 
stitute nearly equal, and at a very small expence. 

The paper upon which you intend to paint 
must be fixed in a straining-frame, in order that 
you toay be able to place it between you and the 
light, when you see occasion in the progress of 
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your work. After tracing in your design, the 
colours must be laid on in the usual method of 
stained drawings. When the tinLs are got in, you 
must place your picture against the window, oa» 
pane of glass fiamed for the purpose, and b^n 
to strengthen the shadows with Indian ink, or with 
colours, according as the effect requires, laying the 
colours sometimes on both sides of the paper, to 
pve greater force and depth of colour. The last 
touches for giving final strength to shadows and 
forms, are to be done with ivoi-y-black, or Jamp- 
black prepared with gum-water, as there is no 
pigment so opaque and capable of ginng strengtli 
and decision. 

When the picture is finished, and every part has 
got its depth of colour and brilliancy, being per- 
fectly dry, you touch very carefully with spirits of 
turpentine on both sides, those parts which are to 
be the brightest, such as the moon and Gre, and 
those parts requiring less brightness, only on one 
side. Then lay on immediately with a pencil, a 
varnish made by dissolving one ounce of Canada 
balsam in an equal quantity of spirit of turpentine. 
You must be cautious with the varnisli, as it is apt 
to spread. When the varnish is dry, you tint the 
flame with red-lead and gamboge, slightly tinging 
the smoke next the flame : the moon must not be 
tinted with colour. 

Much depends upon the choice of the subject, 
and none is so admirably adapted to this species of 
effect as the gloomy Gothic ruin, whose antique 
towers and pointed turrets finely contrast their 
dark battlements with the pale, yet brilliant moon. 
Rays passing through the ruined windows half 
choaked with ivy, a fire amongst the clustering 
pillars and broken monuments of the choir, roimd 
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which are figures of banditti, or others whose iiag- 
gard faces catch the reflecting Hght, afford a pecu- 
liarity of effect, not to be equalled in any other 
species of painting. Internal views of cathedrals, 
^so, where windows of stained glass are introduced, 
form beaiitii'ul subjects. 

The great point to be attained is a happy coin- 
cidence between the subject and the effect pro- 
duced. The fine light should not be too near the 
moon, as its glare would tentl to injure her pale 
silver sight ; those parts which are not interesting 
should be kept in an undistinguishable gloom, and 
where the principal light is, they should be 
marked with precision. Groups of figuresShould 
be well contrasted; those in shadow crossing those 
that are in light, by which means the opposition ot 
light against shade is effected. 

CRAYON-PAINTING 

If the limits of our work would have permitted 
us, we should have here said something respecting 
this branch of the art; but upon considering that 
it is a very inferior mode of painting, being only 
adapted for portraits, and being so perishable, that 
it is a pity the talents of any eminent artist should 
ever be employed in it, we have judged it better to 
suppress the article altogether, to make room for 
Wmething of more importance. Those who are 
desirous of attempting it, may easily be furnished 
with the crayons ready prepared; and there is 
notliing particular in their use, which may not 
be easily acquired by auy one who is acquainted 
with the practice of" drawing. 



We shall now give a brief account of the different 
pifjments or colours, which are used either in watei' 
or oil, for the purposes ofdrawuigor painting. ^H 

Red Colours. ^B 

Lahes. This term is used to denote a species of 
colours formed by the combination of alumiiie, or 
the oxyd of tiu, with the colouring matters of 
vegetables. 

The lakes chiefly used are red colours, ami these 
are of different qualities, according to the basis and 
colouxiiifT matter employed. 

The principal lakes are carmine, Florence-laAe, 
and madder-lake. 

Carmine is a very rich bright crimswi colour, 
and stands well in water. For the pi-eparation of 
carmine, four ounces of finely-pulverized cochineal 
are to be poured into foin- or six quarts of rain, or 
dietilled water, that has been previously boiled in a 
pewter kettle, and boiled with it for the space oi 
six minutes longer (some advise to add, during the 
boiling, two drachms of pulverized crystals of 
tartar). Eight scruples of Roman alum, in powder, 
are to be then added, and tlie whole kept upon the 
fire one minute longer. As soon as the gross 
powder has subsided, and the decoction has become 
clear, it is to be carefully decanted into large 
cylindrical glasses, covered over, and kept undis- 
turbod, till a fine powder is observed to have seLtled 
at the bottom. The liquor is then to be poured 
off from tins powder, wliicli is to be gradually dried. 
From the liquor, wliich is still much coloured, the 
rest of the colouring matter may be separated by 
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means of the solution of tin, when it yields a car** 
mine little inferior to the former. 

Florentine lake is the kind in general use, known 
by the name of lake. It is used in water and also 
in oil» but does not stand, which is much to be 
lamented, as it is a very beautiful colour, and the 
is no substitute that will completely answer all the 
puiposes of lake* 

The best sort may be prepared from the sedi- 
ment of cochineal that remains in the kettle after 
making carmine, adding to it a small quantity of 
cochineal, or Brazil-wood, and precipitating the 
colouring matter with a solution of tin. 

Madder^lake is not so bright and rich a colour 
as the last^mentioned lakes, but has this valuable 
advantage, that it stands much better, and it may 
answer many of the purposes of Florence^'lake, 

It is prepared nearly in the same manner as the 
foregoing. 

Jiose^lake. This is generally called rose^pink. 
It is a lake mad^ by a basis of chalk, coloured by 
Brazil or Campeachy wood. It does not stand, 
and is only used for house-painting and paper- 
hanging. 

Vermilion^ a bright scarlet pigment, formed 
from sulphur and quicksilver. Its goodness is 
known by its brightness, and by its inclining to a 
crimson hue. It is a very useful colour in oil, 
where it stands very well ; but in water it is apt to 
turn black. 

Red lead^ or miniumy is lead calcined till it ac- 
quires a red colour, by expasing it with a large 
surface to the fire. This colour is very apt to turn 
black in water, and is therefore seldom used. 

Indian red^ This colour is sometimes employed 
to answer some of the purposes of lake. It is 



(difficult to procure the genuine kind, which comes 
from the East Indies. What is sold for Indian 
red, is said to be chiefly made in this countrj'. 

Venetian red is a native red ochre, rather inclin- 
ing to the scarlet than the crimson hue : it is not 
far different in colour from tlie common Indian 
red, and is a very good colour. 

SpanisJt-broTcn is also an earthy substance, found 
in the same state in whicii it is used ; it is nearly 
of the same colour as Venetian red, but coarser. 
It is only used for the commonest purposes. 

Light red, or burnt ochre. This is common 
yellow ochre heated red-hot in the fire, till ihe 
colour changes from yellow to a red. It is a verj" 
excellent colour, both in water and oil, having the 
quality in common with all the ochres, of standing 
perfectly well. 

Red chalk. This is the same substance as is 
used for drawing on paper, in the manner of a. 
crayon. It is very much like light red, and is used 
instead of it, for some purposes. It stands per- 
fectly well, and may be used both in water and oil. 

Burnt Terra Sienna. This colour is made by 
calcining raw terra Sienna till it acquires a red 
colour. It is of a very rich tint, and is much used 
both in water and oil. It stands well in both. 



Blue Colours. 

Ultramarine is j)repared from lapis lazuli, by 
calcining and washing it very clean. "When ge- 
nuine, it is an extremely briglit blue colour, some- 
what transparent both in oil and water, and stands 
perfectly. On these accounts it is of the utmost 
value, being excellent in every kind of painting. 
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even in enamel ; but the great price prevents the 
general use of it 

Ultramarine ashes. This is the residuum after 
washing the lapis lazuli, in which a portion of the 
ultramarine still remains. It is very subject to be 
adulterated. It is not so bright as ultramarine, 
being, like that colour, with a tint of red and white 
in it. When genuine it stands well. 
^^ Prussian blue. This colour is iron combined 
with the prussic acid. It is made in the following 
manner. 

Two parts of purified potash are most intimately 
blended with three parts of diied and finely pul- 
verized bullock's blood. The mass is first calcined 
in a covered crucible, and on a moderate fire, until 
no more smoke or flame appear ; and it is after 
this brought to a complete, yet moderate, ignition. 
Or equal parts of potash and finely-powdered coals, 
prepared from bones, horns, claws, &c. are min- 
gled, and heated in a covered crucible to a moderate 
redness. This done, either of these two calcined 
masses is, after cooling, lixiviated with boiling 
water, and the lixivium filtered. Nothing remains 
now but to make a solution of one part of green 
vitriol and two parts of alum, and to add to it 
while yet hot the above lixivium, little by little how- 
ever, and to separate the greenish-blue precipitate, 
which then forms by means of a filtre. If after- 
wards a slight quantity of diluted muriatic acid be 
affused upon this precipitate, it assumes a beautiful 
dark-blue colour. The operation is terminated 
by edulcorating and drying the pigment thus 
prepared. Prussian-blue is an extremely beau- 
tiful colour when properly prepared, and sta'nds 
well. Common Prussian-blue is apt to contain 
some iron, which causes it to turn greenish or olive. 
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Verditer is a bluo pigment, obtained by adding 
chalk or wliiteiiing to the solution of copper iu 
aqua tbrtis. The beit sort is prepared by the 
refiners, wlio employ for this piii-pose the' solution 
of copper, which they obtain in the process of 
parting, by precipitating silver from aqua fortis br 
plates of copper. Common vcrditer is made from 
the sulphate of copper, or blue, by the manure* 
turers in Sheffield and Birmingham. Verdhex is 
only used tor veiy coarse purposes, clncfly by the 
paper-stainers. It has been sometimes caUed 
Sanders blue, from ignorance of the meaning of 
the term cendrcs blues, or blue ashes, which the 
French call it. 

Indigo. This colour is extracted from a plant 
called Anil, that grows in the East and %Vcst 
Indies. It is not so bright as Prussinn-blue, but it 
is cooler, and has the advantage of beingr very 
durable. When dissolred by the sulpliuric acid, 
it forms Scott's If/j?iid hhie, so murb nseil for 
colouring silk stockings, &c. 

Smalt. This is glass coloured M'ith cobalt, and 
ground to a fine powder. Its coarseness prevents 
its being used much for painting in oil or water. 
It is employed sometimes by sterwing it upon n 
ground of oil-paint. It is also used in enamel- 
painting. It stands well. 

Ji/iic Bice. This is only smalt more finely lovi- 
gated. 

Yclh-.i Coloitn. 

Indian t/el/im: This is the brightest of all yel- 
lows for water-colours, and is perfectly ilurable. 
It is said to be procured from the urine of the 
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buf&lo. In the East Indies it is a very common 
and cheap colour ; the natives there use it com- 
monly for colouring their calicoes, which they do 
without any mordant, so that the colour is washed 
out again when the cloth is dirty. 

King's yellow. This colour is orpiment refined, 
which is a substance dug out of the earth, and 
consists of sulphur joined to arsenic ; or it may be 
prepared by subliming sulphur with arsenic. It is 
of a very bright yellow, but does not stand very 
well ; and great caution should be used in employ- 
ing it, as it is a strong poison. 

Naples yellow. This is a very durable and bright 
pale yellow ; it comes from Naples, and is supposed 
to be prepared from lead and antimony. 

Yellow ochre. This is an earth coloured by 
oxyd of iron. It is a cheap colour, and not very 
bright ; but is valuable on account of its standing 
well. 

Roma7i ochre. This is a superior kind of yellow 
ochre. 

Dutch pink. This pigment is formed of chalk 
coloured with the juice of French berries, or 
other vegetables affording a yellow colour. It 
does not stand, and is chiefly used for common 
purposes. 

Gamboge is a gum brought from the East Indies. 
It readily dissolves in water, and is a fine bright 
yellow. It is used only in water, and is very 
serviceable. 

Massicot is an oxyd of lead, prepared by calcin- 
ing white-lead. It is very Httle used, the colour 
not being very bright. 

Gall stones. This is a concretion or hard sub- 
stance, formed in the gall-bladders of beasts ^ or it 





may be obtained from the gall of animals, 
a very rich colour, but does not stand. 

Raw Terra Sietina, is a native ochrous eirtl 
brought from Italy. It is a fine warm colour, am 
stands well. 

French berries. A liquor may be extracte 
from these, which is useful as a stain for som 
coarse purposes ; but it does not keep its colour. 

Turmeric root, and saffron, may be used for & 
miJar purposes. 

Orange lake is the tinging part of amiatlo pr< 
cipated together with the earth of alum. It doa 
not stand. 

Broxvn pink is the tinging part of some v^ela 
ble substance precipitated upon the earth of alum 
It is ofa fine rich greenish yellow, but does 
stand in water. 



Green Colours. 



i 



There arc few colours tliat nre useful as greens 
accordingly, it is tlie practice witli artists, to forn 
tlieir greens by the mixture of blue and yelloT 
colours. By varying these, a vast variety' of greer 
tints may be obtained. 

Sap green. This colour is the concreted juic. 
of the buckthorn-berries. It is never used in oil 
It is employed chiefly in flower-painting and co- 
louring prints, &c. 

Verdigris. If plates of copper, moistened fron 
time to time with vinegar, be left exposed to tht 
air, tlicy will ht converted into a green oxyd, 
called verdigris : this is an imperfect oxyd o 
copper, combined with a snudl portion of ncelit 
acid, carbonic acid, and water. It is prepared it 
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lai^ quantities, chiefly in France, n^ur Montpel- 
lier, by stratifying copper-plates with the husks of 
grapes yet under vinous fermentation, which soon 
grow acid, and corrode the copper. After the 
plates have stood in this situation for a sufficient 
time, they af'e moistened with water, and exposed 
in heaps to the air. The verdigris is scraped off 
from their surface as it forms. 

Verdigris is of a bluish-green colour, but has no 
body, and does not stand. It is only used for 
very coarse purposes. It answers best when used 
in varnishes. 

Distilled verdigris, sometimes called crystals of 
verdigris, is prepared from common verdigris, by 
dissolving it in vinegar. It is of a very bright 
green^ and is used chiefly for varnishes, and in co- 
louring maps, &c. 

Brown Colours. 

Bistre is the finer part extracted from the soot 
of burnt wood. It is much used for sketches in 
water-colours, being a transparent warm colour. 

Cologne earth. This is a mineral substance of 
a dark blackish brown colour. It is a very useful 
colour ; though what is generally sold in the shops 
for Cologne earth is an artificial mixture of several 
colours. 

Raw umbre is a native ochreous earth, of a light 
brown. It stands well. 

Burnt umbre. This is only the last mentioned 
colour, calcined in the fire. It then acquires a rich 
deep brown, and is of great use, being a fine 
colour, and standing perfectly well. 

Aspluiltum. This colour is used in oil, and is of 
a very rich deep brown. It is a transparent or 
glazing colour. It will not work in water^- but 
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when dissolved in turpentine, it becomes a useful 
substance for giving deep and ^nrited toucliea ia 
dnwingt. ^M 

White Colours. '-^ 

Flakt Wiite U corbonate of lead, formed b/ cot 
roding lead with vegetable acids, or vinegar. 

ff'hite-lead is the same colour as fluke white, only 
of an inferior quality. It ia the only white u«d 
in oil-painting, and is a very unefiil colour ^ but in 
water it always turns black, and should never be 
used. 

Pure carbonate of lime is very useful as a wlute 
in water-colours, as it stands perfectly well. 

Eggsiwll wfiilet and oj/ster-sheU white, arc only 
e^-shells, or oyster-shells calcined, by wliich the 
animal gluten Is destroyed, leaving the lime be- 
hind, which soon attracts the carbonic acid again 
from the atmosphere. Well wiished 5/«tH«A w/iilt\ 
or common whitening, answers the same purpose. 

Black Colours. 

Lamp black is the eoot of oil, collected after it 
is formed by burning. It is very generally used, 
both in oil and water, and stands perfectly well. 

Ivory black is the coal of ivory or bone, formed 
by giving them a great heat, while they arc de- 
prived of all access of air. It is of a more intense 
black than lamp black. 

Blue black is the coat from burning vine-stalks 
in a close vessel. It is like ivory black, with a tint 
of blue. 

Indian ink has been already described in page 
94£. 
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OF ENGRAVINa 

Engravings or graving^ as it is 6ometime3 calle^i 
is the cutting lines upon a copper-pUte, by mews 
of a steel instrument^ called a graver. 

This was the first way of producing copper-pUte 
prints that was practised, and is still much used in 
historical subjects, portraits, and in finishing land^ 
scapes. 

The tools necessary for this art are, gravers, » 
scraper, a burnisher, an oil-stone, a sand-bag, au 
oil-rubber, and some good charcoal. 

The gravers are instruments of tempered 9ted, 
fitted into a short wooden handle. They are of 
two sorts, square and lozenge : the first is u^ed in 
cutting very broad strokes, the other fpr fainter 
and more delicate lines. 

The scraper is a three-edged tool, for scraping 
off the burr raised by the graver. Burniidiers are 
for rubbing down any lines that are too deep^ or 
burnishing out any scratches or holes in the cop^- 
per: they are of very hard steel, well rounded 
and polished. 

The oil-stone is for whetting the gravers, etch-^ 
ing-points, &c. 

The sand-bag, or cushion, is for laying the plate 
upon, for the conveniency of turning it round in 
any direction. 

The oil-rubber and charcoal are for polishing 
the plate when necessary. 

As great care is required to whet the graver 
nicely, particularly the beUy of it, the two angles 
of the graver which are to be held next the plate, 
must be laid flat upon the stone, and rubbed 
steadily, till the belly rises gradually above the 
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plate, so as that, wlien you lay the graver fiat 
upon it, you may just perceive the light imdcr 
the point; otherwise it will dig into the copper, 
and then it will be inapossihle to keep a point, or 
execute the wojk with freedom. In order to this, 
keep your right arm close to your side, and place 
the fore-finger of your left hand upon that part t£ 
the graver which lies uppermost on tlic stone. 
When this is done, in ordcj' to whet the (ace, place 
the flat part of the handle in the hollow of your 
hand, with the belly of the graver upwards, upon 
a moderate slope, and rub the extremity, or face, 
upon the stone, till it has an exceedingly sharp 
point, which you may try upon your thumb-nail. 

When the graver is too hard, as is usually the 
case when first bought, and which may he known by 
the frequent breaking of the point, the method of 
tempering it is as follows : Heat a poker red-hot, ah<l 
hold the graver upon it, witliin half au inch of the 
point, till the steel changes to a lig-ht straw colour j 
then put the point into oil, to cool; or hold the 
graver close to the flame of a candle, till it be of 
the same colour, and cool it in the tallow ; hut be 
careful either way, not to hold it too long, for then 
it will be too sofr ; and in this case the point, 
which will then turn blue, must be tempered 
again. Be not too hasty in tempering ; for some- 
times whetting will bring it to a good condition, 
when it is but a little too hard. 

To hold the graver, cut off that part of the 
handle which is upon the same line with the belly, 
or sharp edge of tlie graver, making that side flat, 
that it may be no obstruction. 

Hold the handle in the hollow of your hand; 
and, extending your fore-finger towards the point, 
let it rest on the back of the graver, that you may 
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guide it flat and parallel with the plate. Take 
care that your fingers do not interpose between 
the plate and the graver ; for they will hinder you 
from carrying the graver level with the plate, and 
from cutting your strokes so clean as they ought 
to be. 

To lay the design upon the plate, after you 
have polished it fine and smooth, heat it so that 
it wiU melt virgin-wax, with which rub it thinly 
and equally over, and let it cool. Then the de- 
sign which you lay on must be drawn on paper, 
with a black-lead pencil, and laid upon the plate, 
with its pencilled side upon the wax; press it 
down, and with a burnisher go over every part of 
the design, and when you take off the paper, you 
will find every line upon the waxed plate which 
you drew with the black lead pencil ; then with a 
sharp pointed tool trace all your design through 
the wax upon the plate, and you may then take 
off the wax, and proceed to work. 

Let the table, or board you work at, be firm 
and steady ; upon which place your sand-bag with 
the plate upon it ; and, holding the graver as above 
directed, proceed in the following manner. 

For straight strokes, hold your plate firm upon 
the sand-bag with your left hand, moving your 
right hand forwards; leaning lighter where the 
stroke should be fine, and harder where you would 
have it broader. 

For circular or crooked strokes, hold the graver 
stedfast, moving your hand or the plate, as you 
see convenient. 

Learn to carry your hand with such dexterity, 
that you may end your stroke as finely as you 
began it ; and if you have occasion to make one 
part deeper or blacker than another, do it by de^ 
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grtes ; and that you may do it with greater eiaci- 
nesBj take care that your strokes be not too ckw 
nor too wide. 

In the course of your work scrape off ti» 
roughness which ariiies, with your scraiier; but 
be careful, in doing this, not to scratch the pl**c; 
and that you may see your work properly as you 
go on, rub it with the oil-rubber, ami wipi^ ih« 
plate clean, which will take off tho glare of iJie 
copper, and show what you have ^one.to the beat 
advantage. 

Any niisUkes or scratches in the plat« nay be 
rubbed out with the burnisher, and the part UvcHod 
with the soiaper, polishing it again aflerwaidi 
lightly with the burnislrer, or charcoal. 

Having thus attained tlie use of the graver, ac- 
cording to the foregoiiif( rules, you wUl be able to 
finiah the piece you had etched, by graving up tlie 
several parts to the colour required; beginaing, as 
in the etching, with the fainter parts, and advanc- 
ing gradually with the stronger, till the whole is 
completed. 

The dry point or needle (so called because not 
used tilt the ground is taken off the plate) is prin- 
cipally employed in the extremely light parts of 
water, aky, drapery, architecture, &c. 

To prevent any obstruction from too great a 
d^ree of light, the use of a sash, made of trans- 
parent, or fan paper, pasted on a (iame, and placed 
sloping at a convenient distance between your 
work and the Hghtj will preserve the aigbt; aad 
when the sun shines, it cannot possibly be dis- 
pensed with. 
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Etching is a manner of engraving on copper, 
in which the lines or strokes, intead of being cut 
with a tool or graver, are corroded in with dqu& 
fortis. 

It is a much later invention than the art of en- 
graving by cutting the lines on the copper, and 
has many advantages over it for some purposes, 
though it cannot supersede the use of the graver 
entirely, as there are many things that candot be 
etched so well as they can be graved. 

In almost all the engravings on coppef th&t ar6 
executed in the stroke manner, etching and gfaving 
are combined, the plate being generally begun by 
etching, and finished with the graver. Landscapes, 
architecture, and machinery, are the subjects that 
receive most assistance from the art of etching ; 
for it is not so applicable to portraits and historical 
designs. 

We shall first describe the various instruments 
and materials used in the art. 

Copper-plates may be had ready prepared at the 
coppersmiths, by those who reside in large towns ; 
but when this cannot be had, procure a piece of 

Eretty thick sheet-copper from a brazier, rather 
irger than your drawing, and let him planish it 
well i then take a piece of pumice-stone, and with 
water rub it all one way, till the sur&ce is As 
smooth and level as it can be made by that means: 
a piece of charcoal is next used with watef , for 
polishing it still farther, and removing the deep 
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scratches tnaUe by the pumice-stone ; and it is then 
finislied with a piece of charcoal of a finer griin, 
with a little oil. 

Etching-points or 7teedles are pointed instnimenu 
of steel, about an inch long, fixed in handles of 
hard wood, about six inches in length, and of the 
size of a goose-quill. They should be well tem- 
pered, and very accurately fixed in the cuntre of 
the handle. They must be brought to an accu- 
rately conical point, by rubbing upon an oilstone^ 
with which it is also very necessary to be provided. 
Several of these points will be necessary. 

A parallel-ruler is necessary for drawing parallel 
straight lines with. This is best when faced with 
brass, as it is not then so liable to be brui.<<ed by 
accident. 

Compasses are useful for striking circles and 
measuring distances. 

Aqua fortis, or what is better, sjHrits of nitre, 
(nitrous acid,) is used for conoJing the copper, or 
hiting-in, as it is calked. Tiiis must be kept in ii 
bottle with a glass stopple, for its fumes destroy 
corks. A stopple made of wax will serve as a sub* 
stitute, or a cork well covered with wax. 

Bordering-uax, for surrounding the margin of 
the copper-plate wiien the aqua fortis is pouring 
on. This may be bought ready prepared, but it 
may be made as follows. 

Take one-third of bees-wax to two-thirds of 
pitch ; melt them in an iron ladle, and pour thera, 
when melted, into water lukewarm ; then mould it 
with your hand till it is thoroughly incorporated, 
and ail the water squeezed out. Form it into rolls 
of convenient size. 

Turpentine varnish is used for covering the cop- 
per-plate with, in any part where you do not wish 



the aqua fortis to bite. This may be diluted to a 
proper consistence with turpentine, and mixed 
with lamp-black, that it may be seen better when 
laid upon the plate, 

Ectcking'ground is used for covering the plate 
all over with, previous to drawing the lines on it 
with the needles. It is prepared in the following 
manner. 

Take of virgin-wax and asphaltum, each two 
ounces, of black pitch and Burgundy pitch, each 
half an ounce ; melt the wax and pitch in a new 
earthenware glazed pipkin, and add to them, by 
degrees, the asphaltum, finely powdered. Let the 
whole boil till such time as that, by taking a drop 
upon a plate, it will break when it is cold, on bend- 
ing it double two or three times between the fingers* 
The varnish, being then enough boiled, must be 
taken off from the fire, and letting it cool a little, 
roust be poured into warm water, that it may work 
the more easily with the hands, so as to form into 
balls for use. 

It must be observed, first, that the fire be not 
too violent, for fear of burning the ingredients } 
a slight simmering will be sufficient; secondly, 
that while the asphaltum is putting in, and even 
after it is mixed with them, the ingredients should 
be stirred continuaUy with a spatula ; and thirdly, 
that the water into which this composition is 
thrown, should be nearly of the same degree of 
warmth with it, to prevent a kind of cracking, 
which happens when the water is too cold. 

The varnish ought always to be harder in sum- 
mer than winter, and it will become so if it be 
suffered to boil longer, or if a greater proportion of 
the asphaltum be used. The experiment above 
mentioned, of the drop suffered to cool, will d^r 
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termine the degree of hardness or *oftnea» tM 
may be suitable to the season when it ia used. 

To lay the ground for etching, proceed in tba 
following manner: Having cleaned the copp«< 
plate with some tine whitiug and a lincu rag, ts 
free it from all grease, fix a hand-vice to some pst. 
of it where no work is intended to be, to serve aai i 
handle for managing it by when warm. Roll up 
some coarse brown paper, and light one end ; tbeil' 
hold the bach of the plate over the Uuniiog papoy 
moving it about until every part of it is eqiudlj' 
heated, &o as to melt the etching-grutind* whicb 
should be wrapped up in a bit of taffety, to pr«veat 
any dirt that may happen to be amon^ it, from 
mixing wit)) what is melted upon the plate. If! 
the plate be large, it will he best to heat it over B 
chafing-dish with some clear coaU. If must bft 
heated just suScieitt to melt the ground, but not 
BO much as to burn it. When a sufficient quantity 
of the etching-ground has been rubbed upon the 
plate, it must be dabbed, or beat gently, while tlie 
plate is hot, with a small dabber, made of cotton, 
wmpped up in a piece of taffety, by which oper- 
ation the ground is distributed more equally over 
the plate than it could be by any other means. 

When the plate is thus uniformly and thinly 
covered with the varnish, it must be blackened by 
smoking it with a wax taper. For this purpose 
twist U^ether three or four pieces of wax taper, to 
make a larger flame, and while the plate is still 
Warm, hold it with the varnished side downwards, 
and move the smoky part of the lighted taper over 
its surface, till it is made almost quite black ; taking 
care not to let the wick touch the varnish, and that 
the latter get no smear or stain. In laying the etch- 
ing-ground, great care must be taken that no par- 



ticleo of dust or dirt of any kind settle upon it, as 
that would be found very troublesome in etching; 
the room, tlicrefure, in which it ia laid should be 
as still as po&aible, and free from dusti 

The ground being now bid, and suffered to 
cool, the next operation ia to transfer the design to 
the plate. 

For this purpose a tracing on oiled paper must 
now be made, from the design to bo etched, with 
pen and ink, having a very small quantity of os*s 
gall mixed with it, to make the oiled paper take it; 
also a piece of thin paper, ot* the samo lazo, must 
be rubbed over with red chalk, powdered, by 
means of some cotton. Then layittg the red 
olialked paper, with its chalked side next the 
ground, on tlie plate, put the tracing over it, and 
fasten them both ttigether, and to the plate, by a 
little hit of the bordering was. 

When idl this k prepared, take a bhmt etching 
needle, and go gently all over tbc lines in the 
tracing ) by which nicantt the dialked paper will 
bo pressed ngaitist the ground, and the Unea of 
the tracing will be trunsfori-ed to it : on taking 
off the papers, they will beeeeu distinctly. 

The plate is now prepared for drawing through 
the lines which have been marked upon the 
ground. For this, the etching- points or needles 
are employed, leaning hard oi' lightly, according 
to the degree of strength required in the lines. 
I'oints of different size* and forma are also used, 
for making lines of ditlerent thickness,' tliough 
commonly this ia effected by the biting-in with the 
aqua fortis. 

A margin or border of wax must now be formed 
all round the plate, to hold the aqua fortis when it 
is poured on. To do this, the bordering wax 
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thoroughly dry, the aqua fortis may be poured on 
again, to bite the other lines that are required to 
be deeper. 

This process of stopping-out and biting-in is to 
be repeated as often as there are to be lines of dif- 
ferent degrees of thickness, taking care not to 
make any mistake in stopping-out wrong lines. 

It is also necessary to be particularly careful to 

stop-out with the varnish, those parts from which 

the ground may happen to have come off by the 

action of the acid, otherwise you will have parts 

bit that were not intended, which is called ^w/^ 

biting. 

When the biting-in is quite finished, the next 

operation is to remove the bordering-wax and the 

ground, in order that you may see what success 

you have had ; for till then, this cannot be known 

exactly. 

To take off the bordering-wax, the plate must 
be heated by a piece of lighted paper, which soft- 
ens the wax in contact with the plate, and occa- 
sions it to come off quite clean. 

Oil of turnpentine is now poured upon the 
ground, and the plate is rubbed with a bit of linen 
rag, which removes all the ground. Lastly, it is 
cleaned off with whitening. 

The success of the etching may now be known, 
but it is, necessary to get an impression taken upon 
paper by a copper-plate printer. This impression 
is called a proof. 

If any parts are not bit so deep as were in- 
tended, the process may be repeated, provided the 
lines are not too faintly bit to admit of it. This 
second biting-in the same lines, is called re-bitingf 
and is done as follows : Melt a little of the etching- 
ground on a spare piece of copper, and dab it a 
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little, to get some on the dabber; then, having 
cleaned out, with wliiting, tlie lines that are to be 
re-bit, heat the plate gently, and dab it very ligbd; 
with the dabber. By this, the parts between the 
lines will be covered with the ground, but the lina 
themselves will not be filled up, and consequeutly 
will be exposed to the action of the aqua forU* 
This is a very delicate process, and must be per- 
formed with great care. The rest of the pkt* 
must now be varnished over, the bordering wax 
put on again, and the biting repeated in the aann 
manner as at first. 

If any part should be bit too deep, it is more 
difficult to recover it, or make it fainter : this is ge- 
nerally done by burnishing the part down, or nib- 
bing it with a piece of charcoal. This will make 
the lines shallower, and cause them not to print M 
black. 

Should any small parts of the linos have missed 
altogether in the biting, they may be cnf with the 
graver ; which is also sometimes employed to cross 
the lines of the etching, and thus to work up a 
more finished effect. 

Drt/'pointing is another method employed for 
softening the harsh effects usually apparent in an 
etciiing. This is done by cutting with the etching- 
point upon the copper without any ground or var- 
nish, which does not make a very deep line, and is 
used for covering the light, where very delicate 
tints and soft shadows are wanting. By varying 
these processes of etciiing, graving, and dry-point- 
ing, as is thought necessary, the plate is workeil 
up to the full effect intended ; and it is then sent 
to the writing engraver, to grave whatever letters 
may be required to be put upon it. 
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MEZZOTINTO SCRAPING. 



Tliis art is of btt-r origin than the last, and is not 
of such difficult execution. In mczzotinto prints 

tthe shadows are not formed by lines or hatches, but 
much resemble Indian ink. It diflers in the pro- 
cess, however, from aquatlnta, although the effect lA 
not very different. 

Mezzotinto is chiefly employed in portraits and 
historical subjects ; and aqua tiuta for landscape 
and architecture. 

The tools necessary for mezzotinto scraping are 
the grounding. tool, burnishers, and scrapers. 

To lay the mezzotinto groinid, lay yotu- plate, 
with a piece of flannel uudei- it, upon your table; 
hold the grounding-tool in your hand perpendi. 
cularly ; lean upon it moderately hard, continually 

t rocking your hand in a right line from end to end, 
till you have wholly covered the plate in one di- 
rection : next cross tlie strokes lioin side to side, 
afterwards from corner to corner, working the tool 
cacti time all over the plate, in every direction, 
almost like tlie points of a compass ; taking all 
possible care not to let the tool cut (in one direc- 
tion) twice in a place. This done, the plate will 
tbe full, or, in other words, all over rough ahke, and 
would, if it were printed, appear completely black. 
Having laid the ground, take the scrapings of 
black chalk, and witii a piece of rag rub it over the 
plate i or you may smoke it with candles, as before 
directed, for etching. 

I Now take your drawing, and having rubbed the 
black with red chalk'dust, mixed with flake'Winte, 
proceed to trace it on the plate. 



To Ibmi the lights and shadows, take a blunt 
needle, and mark out the outlines only, then with 
a scraper scrape off the lights in every part of the 
plate, as clean and smooth as possible, in propor- 
tion to the strength of the lights in your dravril^ 
taking care not to hurt your outUnes. j 

The use of the burnisher is to soften or ndl^ 
down the extreme light parts after the scraper is 
done with ; such as tlie tip of the nose, forehead, 
hnen, &c. which might otherwise, when proved, 
appear ratlier misty than clear. 

Another method used by mezzotinto scniperv 
is, to etch the outlines of the original, aa also tl»e 
folds in drapery, making the breadth of the sha- 
dows by dots, which having bit to a proper depth 
with aqua fortis, they take off the ground used in 
etching, and having laid the mezzotinto ground, 
proceed to scrape as above. 

When your plate is ready for taking a proof or 
impression, send it to the copper-plate printer, and 
get it ))r(>vud. AVlion tlie jjroof is dry, touch it 
with white chalk where it should be lighter, and 
with black chalk where it should be darker ; and 
when the piint is retouched, proceed as before, for 
the lights ; and tor the shades use a small ground- 
ing-tool, as much as you judge netcssary to bring 
it to a proper colour ; and when you have done as 
much as you tliink expedient, prove it again ; and 
so proceed to prove and touch till it is entirely tu 
your mind. 

AQUA TINTA. 

Aqua-linta is a method of producing prints verj' 
much resembling drawings in Indian-ink. 



GMOBAVINO IN AQUA TINTA. 

The principle of the process consists in corrod- 
ing the copper with aqua fortis, in such a maimer, 
that an impression from it has the appearance of a 
tint laid on the paper. This is effected by cover- 
ing tile copper with a powder, or some substance 
which takes a granulated form, so as to prevent the 
aqua fortis from acting where the particles adhere, 
hy this means causing it to corrode the copper 
partially, and in the interstices only, 'When these 
particles are extremely minute and near to each 
other, the impression from the plate appears to the 
naked eye exactly like a wash of Indian-ink } but 
when tliey are larger, the granulation is more dis- 
tinct ; and as this may be varied at pleasure, it is 
capable of being adapted with great success, to a 
variety of purposes and subjects. 

This powder, or granulation, is called the a^ua- 
t'tnta grain, and there are two general modes of 
producing it. 

We shall first describe what is called the pomder- 
grain, because it was the first that was used. 

Having etched the outline on a copper-plate, 
prepared in the usual way by tlie coppersmith (for 
which see the article etching), some substance 
must be finely powdered ;nul sifled, which will melt 
with heat, and when cold will adhere to the plate, 
and resist the action of aqua Ibrtis. The sub- 
Stances which have been used tor this purpose, 
I either separately or mixed, are aspfiaUum, fi"r- 
gimdif-pilch, rosin, gum-copal, guin-mastick ; and in 
a greater or less degree, all the resins and gum- 
resins will answer the purpose. Common rosin 
has been most generally used, and answers toler- 
ably well i though gum-copal makes a grain that 
resists the aqua fortis better, 
vot. II. V \ 
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The substance intended to be used for the 
must now be distributed over the plate as equi 
aa possible j and different methods of performii 
this essential part of the operation have been us 
by different engravers, and at different times. 

The most usual way is to tie up some of tlift 
powder in a piece of muslin, and strike it against*, 
piece of stick held at a considerable height abon 
the plate; by this, the powder thai issues £iUt> 
gently, and settles equally over the plate. Eveiy 
one must have observed how uniformly Ixair-powdeP 
settles upon tlie furniture after the operations or 
the hair-dresser. This may afford a hint towardi 
the best mode of performing this part of the pro* 
cess. The powder must fall upon it from a cofc, 
siderable height, and there must be a sufficiently 
large cloud of the dust formed. The plate being' 
covered equally over with the dust, or powder, the' 
operator is next to proceed to fix it upon t/ie plate^' 
by heating it gently, so as to melt the particles. 
This may be effected by iiuhling under the plate 
lighted pieces of brown paper, rolled up, and 
moving them about till every part of the powder is 
melted ; this will be known by its change of colour, 
which will turn brownish. It must now be suffered 
to cool, when it may be examined with a magnifier, 
and if the grains or particles appear to be uni- 
tbrmly distributed, it is ready for the next part of 
the process. 

The design or drawing to be engraved must now 
be examined, and such parts of it as are perfectly 
wnite are to be remarked. Those corresponding 
parts of the plate must be covered, or stopped out 
(as it is called) with turpentine-varnish, diluted with 
turpentine to a proper consistence to work freely 
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with tlie pencil, and mixed with lamp-btack to give 
it colour ; for if transparent, the touches of the 
pencil would not be so distinctly seen. The mar- 
gin of the plate must also be covered with varnish. 
When the stopping out is sufficiently dry, a border 
of wax must be raised round the plate, in the same 
manner as in etching, and the aqua fortis property 
diluted with water poured on. This is called biting 
in, and is the part of the process which is most 
uncertain, and which requires the greatest degree 
of experience. When the aqua fortis has lain on 
so long that the plate, when printed would produce 
the lightest lint in the drawing, it is poured off, 
and the plate washed with water, and dried. Wlien/ 
it is quite diy, the lightest tints in the drawing are 
stopped out, and the aqua fortis poured on as be- 
fore, and tlic same process is repeated as often as 
there are tints to be produced in the plate. 

Although many plates are etched entirely by this 
method of stopping out and biting in alternately, 
yet it may easily be conceived, that in general, it 
would be very difficult to stop round, and leave out 
all the finishing touches, as also the leaves of trees 
and many other objects, whicli it would be impos- 
sible to execute witti the necessary degree of free- 
dom, in this manner. 

To overcome tliis difficulty, another very ingeni- 
ous jn-ocess has been invented, by which these 
touches are laid on tlie plate with the same ease and 
expedition as they are in a drawing in Indian>ink. 
Fine washed whiting is mixed with a little treade 
or sugar, and diluted with water in the pencil, so 
as to work freely, and this is laid on the plate 
covered with the aqua-tint ground, in the same 
manner, and on tlie same parts as ink on the draw- 
ing. When this is dry, the whole plate is varnished 
Ft 'i 
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over with a weak and thin varnish of turpcittine, 
asphaltum, or mastich, and then suffered to ilry. 
when the aqua fortis is poured on. The varnish 
will immediately break up in the ]>arts where the 
treacle mixture was laid, and expose all those place 
to the action of the acid, while the rest of the pbtt 
remains secure. The eifecb of this will be, that all 
the touches or places where the treacle was used 
will be bit in deeper than the rest, and will have all 
the precision and firmness of touches in Indian-ink- 

After the plate is completely bit in, the border- 
ing-wax is taken off, by heating the plate a little 
with a lighted piece of paper j and it is then cleared 
from the ground and varnish by oil of turpeulinc, 
and wiped clean with a rag and a little fine whiting, 
when it is ready for tjie printer. 

The principal disadvantages of this metiiod of 
aqua-tinting are, that it is extremely difficult to 
produce tlie required degree of coarseness or fine- 
ness in the grain, and that plates so engraved do 
not print many impressions before they arc woni 
out. It is therefore now very seldom used, though 
it is occasionally of service. 

We next proceed to describe the second method ot 
producing the aqua-tint ground, which is generally 
practised. Some resinous substance is dissolvetl 
in spirits of wine, as common resin. Burgundy- 
pitch, or mastich, and this solution is poured all 
over the plate, which is then held in a slanting 
direction, till the superfluous fluid drains off; and 
it is then laid down to dry, which it does in a lew 
minutes. If the plate be then examined with the 
magnifier, it will be found that the spirit, in evapor- 
ating, has left the resin in a granulated state, or 
rather, that the latter has cracked in every direc- 
tion, 8tiU adhering firmly to the copper. 
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A grain is thus produced with the greatest ease, 
which is extremely regular and beautiful, and 
much superior for most purposes to that produced 
by tiie former method. After the grain is formed, 
every part of the process is conducted in the same 
luaimer as above described. 

Having thus given a general idea of the art, we 
shall mention some particulars necessary to be 
attended to, in order to ensure success in the oper- 
ation. The spirits of wine used for the solution, 
must be highly rectitied, and of the best quality. 
What is sold in the shops generally contains cam- 
phor, which would entirely spoil the grain. Resin, 
Burgundy-pitch, and gum mastich, when dissolved 
in spirits of wine, produce grains of a different 
appearance and figure, and are sometimes used 
separately, and sometimes mixed in different pro- 
portions, according to the taste of the artist, some 
using one substance, and some another. In order 
to produce a coarser or finer grain, it necessary to 
use a greater or smaller quantity of resin; and to 
ascertain the proper proportions, several spare pieces 
of copper must be provided, on which the liquid 
may be poured, and the grain examined, before it is 
applied to the plate to be engraved. After the 
solution is made, it must stand still and undisturbed 
for a day or two, till all the impurities of the resin 
have settled to the bottom, and the fluid is quite 
pellucid. No other method of treeing it from those 
impurities has been found to answer; straining it 
through linen or muslin, only fills it with hairs, 
which are ruinous to the grain. The room in which 
the Uquid is poured on the plate must he perfectly 
still and free from dust, which, whenever it falls on 
the plate while wet, causes a white spot, which it is 
impossible to remove without laying the grain 
FF 3 
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the desired depth ; and as the plate is not corroded 
80 deep, it soon wears out in printing; whereas 
coarser grains are finner, the acid goes deeper, and 
the plate will throw ofFa great many more impres- 
sions. The reason of all this is evident, when it is 
considered, that in the fine grains, the particles are 
stnall and near each other, and consequently the 
aqua fortis, which acts laterally as well as down- 
wards, soon undermines the particles, and causes 
them to come off! It" left too long on the plate, 
the acid would eat away the grain entirely. 

On these accounts, therefore, the moderately 
coarse grains arc more sought after, and answer 
better the purpose of the publisher, than the fine 
grains which were ibrmerly in use. 

Although there are considerable difficulties in 
laying properly the aqua tint grain, yet the corrod- 
ing the copper, or biting-in, so as to produce ex- 
actly the tint required, is still more precarious and 
uncertain. All engravers allow that no positive 
rules can be laid down, by which the success of 
this process can be secured ; nothing but a great 
deal of experience and attentive observation can 
enable the -artist to do it with any degree of cer- 
tainty. 

There are some hints, however, which may be 
of considerable importance to the person who 
wishes to attain the practice of this art. It is evi- 
dent, that the longer the ncid remains on the cop- 
per, the deeper it bites, and consequently the 
darker will be the shade in the impression. It 
may be of some use, therefore, to have several bits 
of copper laid with aqua tint grounds, of the same 
kind to be used in the plate, and to let the aqua 
fortis remain for ditl'erent lengths of time on each; 
and then to examine the tints produced in one, 
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two, three, four minutes, or longer. Observattoni 
of this kind, frequently repeated, and with difler- 
ent degrees of strength of the acid, will at length 
assist the judgment, in guessing at the tint whid 
is produced in the plate. A magnifier is also usfr 
ful to examine the grain, and toobsen^e the deptk 
to which it is bit. It must be observed, that od 
proof of the plate can be obtained till the whole! 
process is finished. If any part appears to hav^ 
been bit too dark, it must be burnished down widB 
a steel burnisher ; but this requires great delicacy^ 
and good management not to make the shade' 
streaky ; and as the beauty and durabiHty of the 
grain is always somewhat injured by it, it should 
be avoided as much as possible. ' 

Those parts which are not dark enough must^ 
have a fresh grain laid over them, and be stopped! 
round with varnish, and subjected again to tbe' 
aqua fortis. This is called re-btting, and requires^ 
pecuUar care and attention. The plate must be 
very well cleaned out with turpentine before the 
grain is laid on, which should be pretty coarse, 
otherwise it will not lay upon the heights only, as 
is necessary, in order to produce the same grain. 
If the new grain is different from the former, it 
will not he so clear nor so firm, but rotten. 

We have now given a general account of the 
process oi engiaving in aqua tint, and we believe 
that no material circumstance has been omitted, 
that can be communicated without seeing the 
operation ; but after all it must be confessed, that 
no printed directions whatever can enable a person 
to practise it perfectly. Its success depends upon 
so many niceties, and attention to circumstances 
apparently trifling, that the person who attempts 
it must not be surprised if he does not succeed at 
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first. It is a species of engraving simple and ex- 
peditious, if every thing goes on well j but it is 
very precarious, and the errors which are made are 
rectified with great difficulty. 

It seems to be adapted chiefly for imitation of 
sketches, washed drawings, and slight subjects } 
but does not appear to be at all calculated to pro- 
duce prints from finished pictures, as it is not sus- 
ceptible of" that accuracy in the balance of tints 
necessary for this purpose. Nor does it appear to 
be verysuitable for book.platea,as it does not prints 
sufficient number of impressions. It is, therefore, 
not to be put in competition with other modes 
of engraving. If confined to those subjects for 
which it is calculated, it must be aUowed to be 
extremely useful, as it is expeditious, and may be 
attained with much less trouble than any other 
mode of engraving. But even this circumstance 
is a source of mischief, as it occasions the produc- 
tion of a multitude of prints that have no other 
effect than that of vitiating the public taste. 

Engraving in aqua tint was invented by Le 
Prince-, a French artist, who kept his process a 
long time secret, and it is said be sold his prints at 
first as drawings; but he appears to have been 
acquainted only with the powder-grain and the 
common method of stopping-out. The prints 
which he produced are still some of the finest 
specimens of the art. Mr. Paul Sandby was the 
&-st who practised it in this country, and it was 
[■'by him communicated to Mr. Jukes. It is now 

Actised very generally all over Europe; but no 

lere more successfully than in tliis kingdom. 



WOOD-CUTTING. 

Wood-cutting or engraving on wood is a pt> 
cess exactly the reverse to engraving on copper. 
In the latter, the strokes to be printed are sunk, 
or cut into the copper, and a rolling-press is used 
for printing it ; but in engraving on wood, all the 
wood is cut away, except the lines to be printed, 
which are left standing up like types, and the 
mode of printing is the same as that used in letter- 
press. 

The wood used for this purpose is box-wood, 
which is planed quite smooth. The design is then 
drawn upon the wood itself with black-Jead, and 
all the wood is cut away with gravers and other 
proper tools, except the lines that arc drawn. Or 
sometimes the design is drawn upon paper, and 
pasted upon the wood, which is cut as before. 
This art is of considerable difficulty, and there are 
fow who practise it. It is, however, visefvil for 
books, as the printing of it is cheaper than that 
of copper-plates. It cannot be applied equally 
well to all the purposes to which copper-plate en- 
graving is appUcable. 



ETCHING ON GLASS. 

Glass resists the action of all the acids, except 
the fluoric acid. By this, however, it is corroded 
in the same manner as copper is by aqua fortis ; 
and plates of glass may be engraved in the saoie 
manner as copper. 

There are several methods of performing this. 
We shall first describe the mode of etching by 
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means of the fluoric acid in the state qf gas. 
Having covered over the glass to be etched with 
a thin coat of virgin-wax (which is only common 
bees- wax bleached white,) draw the design upon 
it, in the same manner as in etching on copper. 
Then take Some Jluor spavy commonly called 
Derbyshire spoTy pound it fine, and put it into a 
leaden vessel, pouring some sulphuric acid over it. 
Place the glass with the etched side lowermost 
over this vessel, two or three inches above it. 
Apply a gentle heat to the leaden vessel ; this will 
cause the acid to act upon the fluor spar, and dls* 
engage the gas, which will corrode the glass. 
When it is sufficiently corroded, remove the wax 
by oil of turpentine. 

This etching may be also performed by raising 
a margin of bordering-wax all round the glass, 
in the same manner as on copper, and pouring 
on the liquid fluoric acid, which acts upon the 
glass. The method of making this acid was 
described under the article fluoric acid, in che^ 
mistry. / 

A third method of etching on glass is as follows : 
Having put the wax on the glass, draw your 
design, and raise a margin all round it. Then 
put pounded fluor spar, with some sulphuric 
acid diluted with water, upon the glass. The 
sulphuric acid will disengage the fluoric, which 
will be absorbed by the water, and corrode the 
glass. 

In all the above-mentioned methods, some of the 
gas is let loose in the apartment, and is exceed- 
ingly suffocating. To remedy this inconvenience, 
an apparatus was contrived by the editor of this 
work, some years ago, and is found to answer 
perfectly. 
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A, Fig.5., Plate XVII., Vol. 1., is a cylindrical 
leaden vessel, having a rim B all round it, made 
like Count Rumfbrd's steam rim for cooking 
vessels, into which is put a little water. Into this 
rim fits a cover c, having a pipe d coming from it, 
which is inserted into a large oblong vessel e of 
sheet lead, or iron well tinned, having a rim and 
cover similar to the vessel A, only the cover has no 
aperture. The fluate of lime powdered and the 
sulphuric acid are put into the leaden vessel A, 
which is placed upon a stand made of wire, having 
a lainp to heat the contents of the vessel over iu 
As soon as the gas is evolved it ascends, and not 
being able to escape through the rim B, on account 
of the water, which condenses a portion, it pro- 
ceeds through the tube into the large \'essel e, in 
which is placed, upon stands of wire, the glass 
prepared for etching by drawing through a var- 
nish, as above described. 

In this vessel the gas collects, and acts upon the 
glass: the rim with water prevents any noxious 
fumes from escaping into the room. The vessel e 
is placed upon a stand of such a height as to agree 
with that of the lamp. In this manner the process 
may be conducted witli the utmost ease and 
elegance. 

Beautiful ornaments may thus be etched on 
glass, and applied to decorate windows, by paint- 
ing the figure of the ornament on panes of glass 
with enrgravers' stopping varnish, and then ex- 
posing the panes to the action oi' the gass in the 
vessel e. The gas will corrode all the surface of 
the glass, except where the varnish has been put, 
and give it much tlic appearance of ground glass, 
which may be rendered more or less opaque bv 
lengthening or shortening the process. The parts 



ETCHING ON 5LASS. 445 

where the varnish was applied will continue trans- 
parent and seem extremely bright. It is to be 
noticed, when the liquid fluoric acid is used, the 
lines which have been etched continue still trans- 
parent ; but when the gas has been employed, the 
line is white and opaque, as if cut by a wheel. 



LITHOGRAPHY. 



This art is so called, because the impression^ 
are produced from drawings made on stone. It 
was invented by Aloys Sennefelder, a German, 
about the year 1800. 

There are several styles of drawing employed in 
lithographic prints. The chief are, the line manner, 
and the chalk manner. In the line manner, which 
is similar in its effect to the line engraving on cop- 
per of second rate quality, lines arci drawn on a 
stone with a particular sort of ink, by means of 
pens of various kinds, or a camels-hair pencil. 

In both these methods, the same kind of stone is 
used ; but in the line manner, the stone must be 
polislied smooth with pumice-stone, whereas, for 
the chalk it is made a little rough, by grinding with 
sand. The stone must be calcareous and of a light 
colour. The white lias in this country answers 
tolerably well, but is not so fit as the German 
stones. 

The lithographic ink is composed of equal parts 
of tallow, bees-wax, shell lac, and common soap, 
with a sufficient quantity of lamp-black to colour 
it. These ingredients are mixed by heating them, 
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and even burning them in an iron vessel. When 
cold, the mass is rubbed on a tile with water, like 
Indian ink, and put into a pen or brush. 

The lithographic clialk is formed of 2 oz. of tal- 
low, 2^oz. of bees-wax, 1 oz. of shell lac, and 
li oz. of common soap. These are also united bv 
heating as before ; when cold it is cut into sli[«, 
and used as a crayon. 

When the drawing is made on the stone with 
the pen and ink, or with the chalk or crayon, some 
water, having in it a little nitric acid, is poured 
over the stone, which slightly corrodes the sur- 
face ; gum-water is then kid on with a brush, and 
the atone is left to dry ; it ia now ready for prlnU 
ing from. 

To print from the stone, the printer proceeds to 
wet the surface of it with a sponge with water, 
and then applies the printing ink, by a roller. 

The printing ink, made of equal parts of burnt 
oil or %'arnish, and lamp-black, sometimes with the 
addition of wax and tallow, adheres to the lines 
which have been drawn with the lithographic ink 
on the stone, while tlie water prevents it from 
sticking to the rest of the surface. The lines alone 
are thus charged with printing ink. Some damped 
paper is now laid upon the stone, and passed 
through a press, by which an impression is obtained. 
The stone is again wetted, and the printing ink 
applied for a second impression, and so on. 

The process is the same for printing chalk draw- 
ings ; but they are more difficult to print, and give 
fewer impressions. 

This art lias made considerable progress on the 
continent ; in this country it has advanced more 
slowly, chiefly from tlie secrcsy employed in the 
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processes of printing. On this account, its advan- 
tages were not well comprehended, it being difficult 
to institute a just comparison between this and the 
other species of engraving, which are in this coun- 
try carried to such a high degree of perfection. It 
is now, however, rapidly improving, since artists 
have been induced to take it up, and we shall 
probably soon equal, if not surpass, our continental 
neighbours. 
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- of Pneumatics, i. 4.55 
^ of Hydraulics, i.456 
>- of Acoustics, i. 458 

- of Optics, i. 459. 

- of Electricity, i. 461 

- of Galvanism, i. 463 

- of Magnetism, i.464 



— — of Astronomy, i. 466 
Acid Nitrous, ii. 44 

Nitric, ii. 45 
- Hydro-chloric, or muri* 
atic, li. 65 

Sulphurous, ii. 68 

Sulphuric, ii. 69 

Carbonic, ii. 70 

Phosphorous, ii. 76 

Phosphoric, ii. 76 

Bocacic, ii. 76 

Fluoric, ii. 77 

Fluo-boric, ii. 78 

Siliceo-fluoric, ii. 7B 

Arsenic, ii. 117 

Arsenious, ii. 1 17 

Molybdic, ii. 120 

Chromic, ii. 126 

Tunstic, ii. 120 

Tartaric, ii. 133 

Oxalic, ii. 133 

Malic, ii. 133 

Gallic, ii. 134 
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Acid Citric, ii. 1 34 

Benzoic, ii. 134 

-^ — Kinic, ii. 134 

Acetous, ii. 136 

Acetic, ii. 137 
Lactic, ii. 139 
Uric, ii. 139 
Amniotic, ii. 139 
Saccho-lactic, ii. 140 

Sebacic, ii. 140 

Prussic, ii. 140 

' Formic, ii. 140 

Adipocire, ii. 139 
Affinity, chemical, ii. 5 
Air, mechanical properties of* 
i. 126 — weight of, 135 — 
pressure of, 131 — density 
of, 135 — height of, 135 — 
elasticity of, 137 — con- 
densed, 145 
Air pump, i. 129 — experi- 
ments with it, i. 139 — prac- 
tical directions for using, i. 
153 
Air gun, i. 157 
Air balloons, i. 162 
Air atmospheric, chemical pro- 
perties of, ii. 46 
— fixed, ii. 71 
Albumen, ii. 138 
Alkalies, ii. 78 
Alkohol, ii. 135 
Alum, ii. 92 
Alumina, ii. 91 
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^1 Amalgams, li. 1M 


Arsenic, ii. UG fl 


V Amber, ii. 129 


Arsenic acid, ii. 117 ^ 


^B AmnioDis, ii. 85 


Astronoray, i. +13 


 Animal substaoces, ii. 1^7 


Attraction, i. 12 


 Aniraalcultc, metlwd of | 


pro- , electrical, 1. S2t 


 1 curiog, ii. 339 


, magnetic, !• 398 _ 


H Antimotiy, ii. 11.? 


, , chemical, U. *■ M 


H Aquntinta, ii- 432 


Aurum musivum, ii. 325 ^ 

1 


H Balance, i. S2 


Bilumeii, iL 130 ^H 


 Balloons, air, i. 162 


Bleaching, iL 160 ^B 


 Barometer, i. 147 


Blood, ii. 140 H 


 Barometer gauge, i. 15* 


Bone, it. 140 ^1 


 Barytee, ii. S9 


Boron, il. 76 H 


 Battevy, electrical, i. 340 


Brass, ii. 110 ^ 


 , galvanic, i. 383 


Bread, nianufaclurc of, ii. H7 


 Beer, ii. 135— 13S 


Brewing, ii. 155 


 BoUmetal, ii. 110 


Bronxe, ii. 110 


K Bismuth, ii. 116 


BroiiBing, ii. 28^ 


H Billcr principle, ii. IS<« 




^ Calomel, ii. 104 


C. 

Cerium, ii. 1S« 


ChemiBlry, defirition of, ii. 1 



ii. 2-2 

Camera obscura, i. 312 
Carbon, ii. 70 
Camphor, ii. 132 
Carbonates, ii. 73 
Carbonate of soilfi, ii. 82 

oflime,ii.H7 ' 

  of magnesia, ii. 89 

of barjtfs, ii. 90 

Carbonic acid, ii. 71 
Carbonic oxide, ii. 73 
Carburets, ii. 73 
Casts, method of making, ii. 

289 
Catechu, ii. 131—209 
Caoutchouc, ii. 130 
Cements, various kinds of, ii. 

292 
Centre of gravity, i. 20 — of 

oscillation, i. 82 
Centrifugal anil centripctiil 



.instruments for, ii. I- 

Chlorates, ii. 65 

: acid, ii. 64 



Chlorides 



.. 65 



i. 63 

Chromate of lead, ii, 113 
Chromium, ii. 123 
Chronometers, i. S3 
Cinnabar, ii. 104 
Clay, ii. 92 
Clepsydra, i. 83 
Clocks, i. 84 
Cobalt, ii. 119 
Colouring matter, ii. ].1I 
Colouring used for drawing. 

ii. 410 
Columbium, ii. 124 
Combination, chemical, ii. 6 
Comets, i. 439 

ipass, mariners', i. 40C— 



4U 



', azimuth, i. 412 
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Condenser for air, i. 145 Crayon painting* ii. 409 

Copal, ii. 129 — method of Cupellation, ii. 215 

oissolving it» ii- 24S Currying, art of, ii. 21 1 

Copper, ii. 109 Cyanogen, ii. 74 
Cotton, bleaching of, ii. 170 



D. 



Dip, of the magnetic needle, 

I. 403 
Discharge, electrical, i. 339) 

345 
Distillation, ii. 8. 
Diving bell, i. 159 
Divisibility of matter, i. 2 
Drawing, ii. 342—348 



, implements for, ii. 342 
>, the figure, ii. 388 
-, landscapes, ii. 400 
, mechanical, ii. 403 



' , — . _ w— ' 

Drawings, methods of copying 

ii. 404 
Dyeing, ii. 178 



E. 



Earth, considered as a planet, 
i. 433 

Earths, ii. 86 

Echo, i. 229 

Eclipses, i. 441 

Elain, ii. 139 

Electricity, i.319 — considered 
chemically, ii. 35 

 — , atmospheric, i. 346 

• , miscellaneous ex- 
periments in, i. 352 

, animal, i. 373 

— — — , medical, i. 375 



Electrometer, i. 326 
Eiectrophorus, i. 344 
Elementary substances, ii. 2 
Engravine, ii. 419 
Epsom salt, ii. 89 
Equator, i. 415 
Etching on copper, ii. 423 
 on glass, ii. 442 

Ether, ii. 136 
Euchlorine, ii. 64 
Evaporation, ii. 8 
Extension, i. 5 
Eye, description of, i. 249 



F. 



Fecula, ii. 127—148 

Fermentation, ii. 134 — 150 

Fibrin, ii. 138 

Filtration, ii. 7* 

Fine arts, ii. 342 

Fire works, artificial, ii. 329 

Flax, ii. 161 

Fluidity, i. 6 

Fluates, ii. 78 

Fluoboric acid, ii. 78 



Fluoric acid, ii. 77 
Fluorine, ii. 77 
Fluor spar, ii. 77 
Fly wheels, i. 62 
Fountain, i. 178 
Friction, i. 57 
Fulling, ii. 172 
Fulminatin]^ powder, ii. 321 
Furnaces, ii. 18 



Galvanism, i. 3^1 
Gas, ammonical, ii. 85 
GaS| definition of, ii. 26 



G. 

Gelatine, ii. 137 
Geometry, practical, ii. 348 
GUding, li. 261 
o g2 



45'i isi 

Glasfit cliemicul compoeitinn, 
ii. 91 — manuracture ot, if. 
235 

Glauber's salts, ii. 83 

Glucine, ii. 93 

Gluc!, ii. 292 

Glutin, ii.I28— 148 



Hatr-Tope machine, i. \93 
Harmony of sound, i. 228 
Hop8,ii. 157 
Hydraulics, i. 176 
Hydrocarbonaie gas, ii. .'i9 
Hydrocyanic acid, ii. Ii 
Hydrogen, ii.49 —an ucidilying 
principle, 5+ 



Gold, ii. 99 

Gravity, i. 14 — epecHiCi 
Grottoes, artificial^ ii. 330 
Gum, ii. 126 

Gunpowder, composition 
Gypsum, ii. 88 



Hydrnraeier, i. 190 
Hydrostatics, i. 108 
Hytlrosiatic bataacr, i. 1 19, 
Hydrostatic bellow*, i. II 
I]ydrati(atic paratlox, ' ' 
Hygrometer, 15 i- 'i 



1 



I. 



Japanning, ii. 248 
Impenetrability of matter, i, 2 
Inclined plane, i. 43 
Ink, method ofmuking. ii. 306 
— , synipalhctic, ii. ai)S 



Ink, Indian, ii.~3 
Iodine, ii. 66 
Invisible girl, i. ! 
Iridium, ii. 121 
Iron, ii. IW— oi 



I 



K. 



Kelp. ii. 213— 2aa 



236— burning, i, 2+0— 



Lacouoring, ii. 258 

Landscapes, drawing of, ii. 1(X) 

Lend, ii. Ill 

Leatlicr, naiuyc of, ii. 201— 
tanning of. ii-202 

Lever, i. 24 

Liglit, velocity of. i. 23'2— 
refraction of, 'J3i — con- 
sidered chemically, ii. 33 


focal distances of, 243 
Lime, ii. 87 

Lithia, ii. &4 
Lithoj;raphy. ii, 445 
Ltxiviatioo, ii. 8 
Loadstone, ii. 105 
Lute, used in cheuiital one 
rations, ii. 9. 304 


N. 

Nurcotic principle, i\. K12 Nitrate of potdsli or nitre, ii 

Nickel, ii. 1 17 SI 


Nilrnli.;., ii. Hi 


Nitric acid, ii. 45 
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Nitric oxide or nitrous gat, ii. 

43 
Nitrogen, ii. 39 
Nitrous acid gas, ii. 44 



Nitrous acid, ii. 44 
Nitrous oxidci ii. 40 
Nomenclature of chemistry, ii. 
19. 142 



M. 



Machines, compound, i. 48 

Machine, electric, i. 322 

Magic lanthom, i. 316 

Magnesia, ii. 89 

Magnetism, i. 396 

Malt, 135—154. 

Manganese, ii. 118 

Mastic, ii. 129 

Matter, i. 1 — its proper- 
ties, i. 2 

Mechanics, i. 1 

Mechanic powers, i. 23 

Mercury, ii. 103 

Metals, ii. 94 — refining of, 
ii. 215. 

Mezzotinto scraping, ii. 431 

Microscopes, i. 271 

Milk,ii. 139 

Mills, i. 67 



Mirrors, i. 262 

Mixture, as dbtinguished from 
combination, ii. 6 

Mobility of matter, i. 2 

Molybdfena, ii. 120 

Moon, i. 436 

Mordant, ii. 180 

Motion, laws of, i. 7 — commu- 
nication of, i. 58 — regula- 
tion of, by fly wheels, i. 62 

Moving powers, i. 52 

Moulding and casting, ii. 284 

Mucilage, or gum, ii. 126 

Mucus, ii. 138 

Multiplying glass, i. 311 

Muriate of soKda, ii. 83 

 of ammonia, ii. 86 

Muriatic acid, ii. 65 



O. 



Oil of vitriol, ii. 69 
Oil, fixed, ii. 128 

volatile, ii. 129 

animal, ii. 139 

phosphoric, ii. 319 

Operations, chemical, ii. 6 

Optics, i. 232 

Orrery, electrical, i. 333 



Osmium, ii. 121 
Oxychloric acid, ii. 64 
Oxydcs, ii. 96 
Oxygen, ii. 36 
Oxygenated muriatic acid, 

used in bleaching, ii. 166 
Oxymuriate of potash, ii. 82 



P. 



Palladium, u. 122 
I'aper, bleaching of, ii. 177 
Paradox, hydrostatic, i. 109 
Paste,method of making> ii. 303 
Pasting, ii. 218 
Pcarlash, ii. 80 
Pendulum, i. 80 
l*crkinismi i. 394 
Perspective, ii. 374 
Pewter, ii. Ill 



Phantasmagoria, i. 316 
Phlogiston, ii. 98 
Phosphorus, ii. 74^- method of 

making, ii. 316 
Phosphorcttcd hydrogen, ii. 62 
Phosphoric acid, ii. 76 
Phosphuret of lime, ii. 88. 320 
Pinchbeck, or princes* metal, 

ii. 110 
Piaster of Paris, ii. 89 



Plaling, ii. 276 
Planelfl,i. 422—437 
roinU, electrical, i. 931 
Polarity of the magnet, i. 401 
Potash, ii. 79. 

. , nianufactuTcof, 11.214 

Pora»8ium, ii. 81 
Pottery, ii. 228 
Precipitation, chemical) il. 5 



Press, Bramali's, i- 115 

Prussian blue, ii. 7* 

Prussic aciii, Ii. 74. 

Pulley, i. 41. 

Pump, sir, l 129 — BU<Jitn|;, i. 
183— lifting, i. ia5 — fox- 
ing, i. 186 — varioua Wfr- 
structioiifi of, i. 188 

Pyrometer, ii. 30 



1 

llecapitularj'on of the principal Resin, ii. 129,239 — anmull^l 

facts in vol. i. 446 sins, ii. 140 

Keceipis, miscellaneous, ii. 316 Retorts described, ii. 9 

Kcflection of light,!. 261 Rhodium, ii. 121 

Itelining metals, ii. 215 Ribbands covered witK ^Id by 

Itefractioa of light, i. 234-247 a chemical process, ii. S25 

itcpulsion, i. 22 Rupert'* drops, u. 238 
-, magnetic, i. 400 



S. 



nol, ii.83 



Succlirotneter, ii. 15? 

Saltpetre, ii. 81 

Scapement, i. 86 

Screw, i. 45 

Sea salt, composit 

Reienium, ii. 125 

Shock, electrical, i. 335 

Silica, ii. 90 

Silks, bleaching of, ii. 173 

Silver, ii. 101 

Silvering, ii. 275 

Si/c, method of making, ii. 304 

Soap, cliemicai composition of, 

ii. Hi. 128 
Soda, ii. 82— manufacture of, 

ii. 212 
Sodium, ii. 83 
.Soldering, ii.283 
Soliility of matter, i. 2. 
.Sound i. 227 
Sparlt, electric, i. 328 
Speaking tubes, i.'J:tO 
Specific Kraviiies, i. 1 17 — lablc 

of, i. 122 
Spectacles, i. '257 
Kpcniiaccti, ii. 130 



Spouting of water, i. I7(i 
Springs, nature of, expl 



Staining wocvl, ii. 3l.t 



Stain: 



leiliod" of 



. 310 
Starch, ii. 127 
Stars, fixed, i. 439 
Statera, i. 35 

Steam engine, i. 206 — it 
tion of, 207 — Savarj's 



"Nci 



•>0» 
s,211— Watts, 

216 — Cartwright's, 224 — 

High pressure, 224 
Steam boats, i. 225 
Steam used in bleachtog,ii. 169 
Stearin, ii. 139 
Steel, ii. 105 — a method of 

making, 337 
Sirontia, ii. 90 
Suction, i. I 
Sugar, ii. I! 

ii. 140 
Sulphate of lime, ii. S!) 
. of magnesia, ii. I 



mal sugar, 
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Sulphate of baryt 68, ii. 90 

 of iron, ii. 105 

 of copper, ii. 1 9 
— ■^— - of soda, ii. 83 
Sulphur, ii. 67 
Sulphuretted hydrogen, ii. 61 



Tannin, ii. 131 
Tanning, ii. 201 
Telescope, i. 297 

 , refVacting, i. 297 
' " , binocular, i. 301 
, reflecting, i. 303 
-, acromatjc, i. 308 



Terella, i. 405 
Thorina, ii. 93 
Tides, cause of, i. 4>4>4 
Time keeper, i. 84 
Tin, ii. Ill 



Sulphuric acid, ii. 69 
Sulphuring in bleaching, ii. 172 
Sun considered as the centre of 

our system, i. 431 
Syphon, i. 179 



T. 



Tinning, ii. 281 
Titanium, ii. 123 
Tobacco-pipes, manufacture 

of, ii. 234 
Tombac, ii. 1 10 
Torricellian vacuum, i. 129 
Touch, magnetic, i. 406 
Transparencies, method of 

making, ii. 407 
Trumpet, speaking, i. 231 — 

hearing, i. 231 
Tungsten, ii. 120 



U& V. 

Uranium, ii. 124 Varnishing, Ii. 239 

Vacuum Torricellian, i. 129 — Vegetable substances, ii. 125 

Boylean, i. 129 Verdegris, ii. 110 

Valves, i. 209 Vision, cause of, u 244 



W. 



Watches, i. 84 ^ 89 
Water, chemical constituents 

of, ii. 54 
Water-spouts, i. 175 
Wax, ii. 132 
Weather-glass, i. 150 
Wedge, i. 44 
Wheel and axis, i. 36 



Wheels, bevelled, i. 60 
Wheels carriages, i. 101 
Wind gauge, i. 152 
Winds, various classes of, i. 172 
Wood-cutting, ii. 443 
Woody fibre, ii. 131 
Wool, bleaching of, ii. 171 



Zenith, 1.415 
ZinC) ii. 114 



Z. 



Zirconia, ii. 93 
Zodiac, i. 419 



THE END. 
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